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In this ‘Surface’ Direct-Fired Furnace ring gear 
forgings are loaded edgewise on trays and 
moved through the heating cycle on roller rails 
by a pusher mechanism. When the trays enter 
the cooling zone they move forward on power 
driven roller rails to provide a variable control 


RING GEAR ite) cq] [ch 4 of the cycle in the fast and in the slow cooling 


zones, the cycle depending upon the material 


CYCLE ANNEALED AT being annealed. 


‘Surface’ Automatic Proportioning Burners 
provide heat in the high temperature zone. In 
1970 lbs er hour the fast cooling zone air under pressure is used 
' » p ; for cooling. The slow cooling zone is equipped 
‘ with burners to retard the cooling rate, if 
IN THIS CONTINUOUS-TYPE, required. 


Here ‘Surface’ has drawn upon its extensive 


DIRECT FIRED, MODERN, i engineering facilities including burner designs 
HE TREATING FURNACE and systems, mechanisms, and experience to 


provide a furnace to meet the specific needs of 
production. Whatever your heat treating need 
PERFORMANCE DATA may be let our sales engineers work with you 
MATERIAL: Ring Geor Forgings for an economical solution. 
PROCESS: Cycle Annealing 
CYCLE: Heat to 1750°F 2.25 hours 
Equalize ot 1750 F....... 0. eee eeeeee .75 hours 
Fast cool—1750 F. to 1150 F 


‘Surface’ maintains a “Library of Heat Treat- 
ing Information” consisting of bulletins and re- 
prints on modern equipment and processe:. Write 
to Department HTL for literature on applications, 
processess, and equipment of your particular 
interest No obligation. 


SURFACE COMBUSTION CORPORATION 
TOLEDO 1, OHIO 


6.00 hours 
9.75 hours 


INDUSTRIAL FURNACES: 





By TOCCO"* TOCCO Induction Heating Units. 


This special “Inductomatic’ machine 
at the Salisbury Axle Plant is pow- 
ered by two 125 KW, 10,000 cycle 


Induction Hardening of Axle Shafts 


, pres progressive engineers at the Salisbury 
Axle Division of Dana Corporation have 
done with Induction Heating for hardening auto- 
motive axle shafts suggests comparable savings 


for your products. Note this report: 


of $375.00 per day caused by increased 
output and switch from SAE 4140 to SAE 1033 


steel made possible by induction hardening. 


> time because shaft of SAE 1033 
steel is completely machined prior to hardening. 
Tool cost cut in half—turning time reduced from 


2 minutes to 30 seconds. 


THE OHIO CRANKSHAFT COMPANY 


N DOUBLED. Formerly 50 axle shafts 
per hour with conventional combustion type 
heating—now 120 per hour with TOCCO 


Torsional fatigue has 
increased 200%. The shaft is no longer a com- 
promise between durability and machinability. 
It is hardened to $5 RC and drawn back to 43-47 
RC. Degree of hardness and depth is accurately 


controlled. 


Engineers will gladly survey your opera- 
tions for similar cost-cutting results in harden- 


ing, heat-treating or brazing — without obligation. 


THE OHIO CRANKSHAFT CO. 
Dept. R-1, Cleveland 1, Ohio 


Please send copy of new bulletin 
“Principles of TOCCO Induction Hard 
ening and Heat Treating 

Name 

Position 

Company 

Address 


City Zone State 


TABLE OF CONTENTS, PAGE 33 Page 1 





MISCO Ceutricast 


Conveyor Rolls 


for Bright Annealing * Normalizing * Heat Treating Furnaces 
LIGHT - SOUND -: STRONG - ACCURATE 

















THROUGH the application of our flash sound one-piece construction. Misco Cen- 


welding process to roll construction, tricast Convevor Rolls can be supplied in 
mechanical joints have been eliminated in many sizes, with smooth cast, rough 
the manufacture of Misco Centricast Con- . _ _ 
; : turned or bright ground finish. Thou- 
veyor Rolls. No added metal is used at . 
= . sands of Misco Centricast Conveyor Rolls 
the joints because the end castings and the . 
centrifugally cast mid-section are directly 47° 8'V98 dependable service at tempera- 
united under pressure at fusing tempera- tures up to 2050 F. Misco Centricast Con- 


ture. Misco flash welded joints produce a veyor Rolls will serve you better. 


ALLOY CASTING DIVISION 
Michigan Steel Casting Company 


EQ) One of the World's Pioneer Producers and Distributors of Heat and Corrosion Resisting Alloys 
ns} 1998 GUOIN STREET - DETROIT 7, MICHIGAN 
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“BE KIND TO INGOTS” DAY 


Comes Every Day in C.F. &I’s New Pits 


Micromax Control on Salem Pits 
Helps Accurate, Economical Heating 


It’s the ingot that matters in soaking pit operation! Salem 
Engineering Co. is thinking about ingot quality when they design 
and install a 24-pit battery like this, and recommend controls 
to regulate operation. Colorado Fuel & Iron Corp. is planning 
the future of ingots and ingot products when they decide on 
temperature cycles and set up operating procedures 


These planners have assigned Micromax Controllers to help 
protect the “interests” of the ingots during the long soaking 
period. Micromax gives this protection from several angles 
Of course, it doles out fuel, in exactly varied amounts to heat 
the great chunks of steel accurately and uniformly. It preserves 
correct temperatures, despite the effects of charging, pulling 
and changes in ambient conditions. But Micromax is also tied 
into the regulation of combustion and furnace pressure, so that 
these conditions are held firmly in line during the necessary 
adjustments of heating rate and soak temperature. Result 
every day is “Be Kind to Ingots’ Day in the pits, and the 
rolling mill is sure of a constant supply of ingots properly con 


ditioned for proc essing 


Leeds & Northrup Co., 4927 Stenton Ave., Phila. 44, Pa. 


MEASURING INSTRUMENTS - TELEMETERS + AUTOMATIC CONTROLS::~ HEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 


* published and copyrighted, 1919, by American Society subseriptions 
buchd Avenue Cleveland, Obio [ane monthly at the poet 
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an Engineering Department that The picture of a casting can tell you nothing about its actual value. 
" i » Buta close-up view of the organization behind it . . . the plant, the 
THRIVES ON THE ‘IMPOSSIBLE’ 


people who work there, the facilities they employ, the sum total of 
: their intelligence and experience . . . give practically all the in- 
formation necessary to determine whether or not you may expect 
top quality in that casting. 
Everyone here is justifiably proud of the Alloy Casting Company 
and does everything possible to maintain its high ideals, 
standards of craftsmanship, business ethics, and technical progress. 
The engineering department is typical. That's why “Call Your 
Nearest Accoloy Engineer” is always the advice of so many 
industrial men who demand top quality in alloy castings. 


ALLOY CASTING COMPANY 
Champaign, Illinois 





ENGINEERING Orrick s tn rermererenm & Ses & So 





Chicogo: F. J. Storal—Tel: Delaware 4430 Detroit: Frank W. Faery—Tel. Temple 1-7878 
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NORTH AMERICAN 


OILTOGAS Converter 


MAKES IT POSSIBLE 


to burn No. 1, 2, or 3 Fuel Oil as a Gas 
in your present Gas Burners 


Fig. 1 — Air Heater. 


AVOID CRITICAL 
GAS SHORTAGES 


Many industrial ovens, furnaces and boilers 
are fired with gas burners which do not lend 
themselves to the substitution of direct oil 
burners during the trying days of gas 
curtailments. For such applications North 
American offers the Oiltogas Converter. 


Fig. 2 — insert Assembly and Mixer. 


PRODUCES CLEAN CARBON-FREE GAS FIRES 


The principle of the Oiltogas Converter is to supply cir at 
700° F. to standard North American Aspirator (Gas-Air) Mixers. 
Into the mixer (through the displ it rod) is injected atom- 
ized oil. The hot air immediately vaporizes all of the finely 
atomized oil and corries the gaseous fuel thus generated to 
any number of burners. 





The air heater shown in Figure 1 is direct oil-fired and is 
entirely ft tic in operoti and includ flame sofety 





devices. The amount of fire at the furnace or oven burners is 
controlied by valves in the hot air line leading to the mixers. 


Because of the high air temperatures used and the excellent 
atomization of the fuel, it is found that even on #3 catalytic 
fuel oil no carbon or condensate is formed in the piping or 
burner ifolds. This eliminotes the ity for installing 
condensate return piping and for periodic cleaning. 





*A combination of Standard Combustion Equipment, backed by 30 years of Dependable Service | 
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the PRODUCTS of TOMORROW 


are in the 


RESEARCH LABORATORIES TODAY 





| : : 


“SPEED NITRIDING” 
ie HEVI DUTY 
FURNACES 


fm Cte BO 198 ane (098 
ELECTRIC COMPANY 


ee MULTIPLE UNIT crcree recccnmmer 
s WEEE + Wisconsin 


IT 1S SIGNIFICANT THAT THE 
GUTSTANDING MANUFACTURERS 


OF THE COUNTRY USE 


HEVI DUTY FURNACES 


RESEARCH and PRODUCTION 


Gcadanneseeninnamchedeluahidibnnenienss 
cama ond matathorgrih mort conctantly te improre asinting math 3 
ond 1 wets rw ond tre enn. Ber satel ener they Send for Descriptive Gulletina 
wae © Maw Ouey MOT STO ARey 10 righ Temperatures Fernme eam . 
© working sarge of temperature te 2350 # 
Mer. Duty emeretery furneee, ath miter Peeme ane o Alley 
Scliceson ebeaabsscananniicann. eepuialanadl 


cone, of eperomer ec ommnend “mom 


HEV! DUTY ELECTRIC COMPANT 


A veaidace 
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TLECTROMED TUNGSTEN 


Trade-Mark 


Avatbable tor \mMEDIATE DELIVERY 


FOR tHe toddlon OF FINE STEELS ' 





E.ectromet Ferrotungsten id E.ectromet Calcium Tungstate N 


If you use tungsten, call on us. Ovir staff of competent metallurgists are 
ready to furnish on-the-job technical assistance in the use of tungsten 
and the many other Etecrromet ferro-alloys and alloying metals 





ELECTRO METALLURGICAL SALES CORPORATION 


Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [[qg New York 17, N. Y. 


TRADE MARK 


Ferro-Alloys and Metals 
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AVY A dD WI i} ) sap 


For just a little extra 








You ean get a lot more 








Allegheny Metal yields benefits that repay you many 
times over in lifetime beauty and utility. Wherever you 
need to combat corrosion and heat, or secure great 
strength with light weight, use this time-tested stainless 
steel. It vastly increases service life—vastly reduces main- 
tenance and depreciation costs. e Compared on all counts, 
Allegheny Metal is cheapest in the long run! 


Complete technical and fabricating data— engineering help, too—yours for the asking. 
ALLEGHENY LUDLUM STEEL CORPORATION 


Pittsburgh, Penna. . . . Offices in Principal Cities 
Allegheny Metal is stocked by all Jos. T. Ryerson & Son, Inc., Warehouses 
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HERE'S 
HOW... 


\ 


TO GET A 


ON YOUR CYANIDE POTS 


The first Lindberg “Hi-life” Pot 
Furnace was put in operation two years ago. With 15,000 
hours of operation behind it, the original pot is still going 
strong. Others put into operation later have passed the 
8,000 hour mark. We don’t ask you to believe in miracles! 
So we're backing the performance records of these pots 
with a one year guarantee. 


In addition to pot life two to three times the best previous 
figures, you also get much faster heating and greater ef- 


LINDBERG ENGINEERING COMPANY 


LINDBERG 


Use the new Lindberg “Hi-Life” pots with the 
new Lindberg “Hi-Life” gas-fired Pot Furnace. 
ficiency. The new Lindberg ‘Hi-life” Pot Furnace is lined 
with Silicon Carbide and Mullite refractories assuring low 
maintenance in the furnace itself. 


The Lindberg Engineering Company considers this neu 
development one of the most significant improvements in 
furnace equipment in the past decade. 


“Hi-Life” Pot Furnaces are available in these 4 
standard sizes. (Note small overall dimensions) 


POT SIZE ' OVERALL SIZE 
24” Dia. 21° Deep 
20” 21” 
16° 18° 
12” 18° 


394s" Dia. 
35%" 
31s" 
273," 


355" Deep 
35%” 
32% 
32% 


2448 W. Hubbard Street, Chicago 12, Illinois 


FURNACES 
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HEE T SHEEL... 


Let International quote on de- 
coiling, flattening, cutting, and 
pickling. Also on coil-slitting. 
International’s mill-type equip- 
ment handles these services at 
low cost, and assures dependable 


Hundreds of manufacturers 
look to International for steel 
service to assure a steady flow of 
incoming materials. Perhaps sim- 
ilar service can be arranged for 
you ... it will pay to inquire. 


supplies even though mill facili- 
ties are crowded. 


Coils up to 9 gauge (.150) 
can be handled by Inter- 
national’s Flying Shear 


Sheets from the Flying 
Shear are smooth, uni- 
form, accurate to size 


XA 


\ 
s \ 
STEEL I SERVICE 
z =) 


i, 
MT 


nternational 


ROLLING MILL PRODUCTS CORPORATION 
5033 S. KEDZIE AVE., CHICAGO 32, ILL. Phone HE 4-5200 


wale a f r 
a Z ‘ea 


One of International's 
three coil-slitters that 
handle coils up to 60 
inches wide 
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You Wed 
3 “  MONEL... 
lA MONEL CLAD 
2, or 
& Q@VERLAY «ti MONEL 


ry the new 1m proved 


ae ARCOS MONEND 806 


ARC WELDING ELECTRODE 


CONSIDER THESE UNUSUAL PROPERTIES 
@ X RAY QUALITY WELD METAL 
@ TYPICAL WELD METAL AS WELDED 
Yield Strength 42,500 psi. 
Tensile Strength 75,500 psi. 


Elongation in 2“ 42% 
Reduction of Area 60% 


@ MONEL CLAD ('2”°—20% CLAD) 
Typical Free Bend Elongation— 53.7% 


@ OVERLAY (%4" MILD STEEL BASE) 
Typical Free Bend Elongation— 51.5% 


na som ones ene Alpe COS 


CORPORATION 


1500 S SOth ST... PHILADELPHIA 43. PA 
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QUALITY UNIFORMITY FINISH 


HIGH QUALITY | 
DOESN'T JUST HAPPEN! 
| | <a 


THESE HIGHER QUALITY, FASTER MACHINING 


COLD FINISHED STEEL BARS 


ARE THE RESULT OF 





* Complete Laboratory Control. 
® Actual Bar-for-Bar Inspection. 
* Operators with 30 years of Production ‘‘Know-How.”’ 


* Metallurgical and Engineering Assistance to Assure 


ee 


__ oo A COMPLETE range of SIZES, SHAPES and 
ANALYSES of COLD FINISHED STEEL BARS are 
offered by the makers of the famous "SPEED 


TWINS”... SPEED CASE X1515 
SPEED TREAT X1545 


REG. U.S. PATENT OFFICE 





Kear off here ATTACH TO YOUR LETTERHEAD AND MAIL TO EITHER COMPANY BELOW 


MONARCH STEEL COMPANY 


HAMMOND : INDIANAPOLIS ° CHICAGO 


PECKOVER'S LTD. Toronto. Canadian Distributor 


ACTUAL PHOTOGRAPH 
MANUFACTURERS OF A COMPLETE LINE OF COLD FINISHED CARBON AND ALLOY STEEL BARS 5 
peed Case Steel (.20 cor 


"- bon) l inch cold drawn 
he Licensee for Eastern States bor tied in a knot, cold 
FITZSIMONS STEEL COMPANY ee 


YOUNGSTOWN, OHIO 
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The Case of the Happy Family 


There is no happier family of electrodes than McKay 
Pluralloys—for these electrodes, developed in close 
cooperation with various steel companies, make pos- 
sible the economical and efficient welding of harden- 
able, low-alloy, high-tensile steels. 


McKay Pluralloy Electrodes are used successfully on 
such difficult-to-weld steels as high-carbon steel; low- 
alloy, hardenable, high-tensile steels; free machining, 
high-sulphur steels; cold-rolled steel; and abrasion 
resisting steels. The low spatter, freedom from slag 
interference, arc stability and smooth bead contours 
make them invaluable on the production line. The 
high tensile strength, freedom from porosity and the 
high ductility of the weld-metal recommend McKay 


Want to Know More About 
McKAY PLURALLOY ELECTRODES 


Full information on the use of McKay Pluralloy Electrodes for 
welding herdenable, low-alloy, high-tensile steels is available 
without obligation. Write today for application data and 
testing samples 


AAI 
iMVvi¢ 


A CTAI 
ROY SIAN 


Pluralloys to design engineers for the more difficult 
and exacting services. 


All-position Pluralloy Electrodes cover a wide range 
of tensile strengths; the weld metal they deposit is 
free from “‘fish eyes,"’ is of excellent metallurgical 
quality and has exceptionally good ductility. The fol- 
lowing table shows the minimum “‘as-welded” tensile 
strength of each McKay Pluralloy Grade. 





McKay Grade Ultimate Strength | Yield Strength Elong. in 2 
| 





Pluralloy—70 
Pluralloy—90 


74,775 psi 
94,375 psi 
104,200 psi 
111,725 psi 


64,000 psi | 31.0% 
81,600 psi 26.0% 
95,100 psi | 23.0% 
99.475 psi 21.5% 





Pluralloy—100 
Pluralloy—110 





Pluralloy—3'.% Ni | 85,215 psi 





73,975 psi | 240% J 





THE McKAY COMPANY 


403 McKAY BUILDING 
Pittsburgh, Pa. 
Sales Offices: York, Pa. 


YLESS STEEL - MILD STEEL - ALLOY STEEL - WELDING ELECTRODES 


Researched, Developed and Manufactured to fill Industry’s Requirements for Dependable Electrodes 
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Olsen 60,000 Ib. ‘'L"-Type Hydraulic U.T.M. (Courtesy Consolidated Steel Corporation, Los Angeles, Calif.) 





[* 


— 





we OLSEN 


“Le HYDRAULIC UNIVERSAL 


The countless thousands of routine tests and 
the many special applications made during 
the late war proved this “LOW COST” ma- 
chine to be a most dependable, fast, and 
accurate addition in hundreds of plants, 
colleges, foundries, and testing laboratories 
all over the country. 

The Olsen “L’-Type is offered in 60,000 
Ibs., 120,000 lbs., and 300,000 Ibs. capacities 
each with an additional capacity range of 


1/5 or 1/6 of the full capacity. This range 


TESTING MACHINE 


may be selected to suit specific testing 
requirements. 

For a full description of these and other 
Olsen Universal Testing Machines—write 


today for Bulletin No. 30. 





TINIUS OLSEN TESTING MACHINE CO. 
2030 EASTON ROAD e« WILLOW GROVE, PA 
Representatives: 
Pacific Scientific Co., Los Angeles, San Francisco, 
t : Seattle + Mine Smelter Supply Co., Denver, Colo 
Citeeas 


+ ata So te 
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BETHLEHEM 
TOOL STEELS 


Dependable tool steel is essential for impact extrusion 
jobs. Victor Industries Corp. of California at Chico, 
Calif., uses Bethlehem tool steels exclusively and 
reports fine performance. This plant is the first of its 
kind to go into production on the West Coast, convert- 
ing aluminum slugs into squeezable tubes for tooth- 
paste, shaving cream, glue, grease, and other items 

The dies are machined to accurate contour from 
Bethlehem XX Carbon Tool Steel. This is a general- 
purpose, water-hardening grade that provides a hard 
surface for wear-resistance, reinforced by a tough 
core to withstand the continuous heavy pounding and 
side pressure exerted on the dies 

The punches are made from Lehigh H, a high- 
carbon, high-chromium grade that is air-hardening for 
maximum safety in quenching. In addition, it provides 


‘a 


the minimum of distortion during heat-treatment and 
has extremely high wear resistance. 

These and other fine Bethlehem tool steels are care- 
fully made in our modern tool steel mill. There are 
tool and die grades, shock steels, hot-work and high- 
speed steels. You can get prompt shipment and prac- 
tical assistance by consulting with the nearest 
Bethlehem sales office or tool steel distributor 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 


On the Pacifi 


Coast Bethlehem products 
ar k 


Bethlehem Pacifi 


y 
ast Stee] Corporation 


Export Distributor 
Bethlehem Stee] Export Corporation 


BETHLEHEM TOOL STEELS for EVERY JOB 








“BRAINS ” of the eating 


Business Machines are made from 


J & L cold-finished JALCASE STEEL... 


| Smith-Corona | bd 


Walional tem Addressograp 


CASH REGISTERS « ADDING MACHINES 


dailies macaes me WALE> 
_, EN U 
| tl U), % Ni ALL 


x MQRCHANT 


...the original, free-machining, cold-finished open-hearth 
steel... for better quality precision parts at lower cost. 


Look inside a business machine of @iIt machines smoothly and easily at 
any leading make, and most likely high speeds. 

you'll be looking at a mass of preci- @it lengthens tool life and reduces 
sion parts accurately machined from the number of stops for re-tooling. 
J&L cold-finished Jalcase Steel. To 
the uninitiated, the “brains” of these ' 
modern marvels appear like an insol- @it has high wear resistance. 


@ It is easily and quickly heat treated. 


vable maze, but every tiny gear, @ Ten grades plus a number of special 
lever and cam has a definite job to treatments offer the Jalcase user a 
do a definite function to perform wide range of desirable properties. 


for ngid accuracy. If you machine steel in the manu- 
There are some sound business facture of your products investi- 

reasons why so many of these work- gate Jalcase 

ing parts are made from J&L /alca We 
the original, free-cutting, open- 


hearth steel 


have just published a new 

brochure on cold-tinished /a 

and shall be glad to send a copy to 

@Jalcase is the leading free-cutting anyone interested in machining rod 
steel—and has been for more than and bar stock. The coupon at the 
25 years. right is for your convemience 


JONES & LAUGHLIN STEEL CORPORATION 


Vietal Progress: Page 16 





“g , 


underfilm corros# 
just (ant happen 
ee 


- . 
#, 
¥ ~. 


ELECTROLYTIC ZINC-COATED SHEETS AND STRIP 


ange 4 
i ng a 


Paints, enamels, lacquers, varnishes and lithographic inks adhere to bonderized 
Weirzin securely and permanently, because underfilm corrosion cannot occur. 
The tight, malleable zinc coating, electrolytically applied, becomes an integral 
part of the sheet or strip... remains intact under all conditions of temperature and 
humidity . . . provides a perfect “tooth” for spray, dip or roller applications. 

Extensive fabrication does not weaken this bond—after deep-drawing, 
forming and punching, the zinc coating remains unruptured and evenly 
deposited. There are appreciable savings in manufacturing, too, because 


Weirzin sheets and coils require no pickling or buffing, and very little clean- 
ing ... there is no need for a primer under paint. 


WEIRTON STEEL CO. 


WEIRTON, W. VA., Sales Offices in Principal Cities 
Division of WATIONAL STEEL CORPORATION, Executive Offices, Pittsburgh, Pennsylvania =) 





THERE IS A SUNBEAM STEWART 


unbeam INDUSTRIAL FURNACE FOR EVERY NEED 


STEWART GAS - ELECTRIC - OIL 


THE BEST INDUSTRIAL FURNACES MADE 


Regardless of whether you heat treat in small 
quantities or continuous production, Sunbeam 
Stewart engineers are well qualified to recommend 
the correct furnaces to meet your requirements. 

As a division of Sunbeam Corporation we have the 
opportunity of working with our furnaces in the pro- 
duction of Sunbeam appliances, lawn sprinklers, 
sheep shears, animal clippers, etc. In manufacturing 
our own products we must contend with practically 
every heat treating problem faced by industry—a 
position unique in the furnace manufacturing field. = 

This experience with our own furnaces in both HARDENING, QUENCHING 
small or large volume production enables us to AND DRAWING UNIT 
render a service to you far beyond other manufac- 
turers. That is one reason why Sunbeam Stewart 
Furnace installations have been so successful. They 
are based not only on furnace engineering ability, 
but on practical experience under actual operating 
conditions. We have learned through actual experi- 
ence the factors that give longest furnace life... 
greatest production... best quality ... and lowest 
operating cost. 

Our highly trained technical staff of furnace engi- 
neers, who for over 50 years have built furnaces for 
the leading companies throughout the United States 
and abroad, are qualified to recommend the correct 
type of furnace to meet your requirements. 


A letter, wire or ‘phone call will promptly bring you informa- 
tion and details on Sunbeam Stewart Furnaces, either units for 
which plans are now ready or units especially designed to meet 
your needs. Or, if you prefer, a Sunbeam Stewart engineer 
will be glad to call and discuss your heat treating problem 








FREE Vest-Pocket Heat Treating Data Book. MAIL today. PORTABLE OVEN ete 
CHECK for information on 


furnaces to meet your needs. 


- 
Atmosphere-controlled O Electric high speed 


= B 

ond 
= erizing C] Electric pre-heot 
| Brazing furnace mM 


| Car bottom 


0 Oven 
‘a Pot 
Forging 

0) Galvanizing 


Recirculat ng 


Case hardening 


LJ 
C) Rivet heaters 
Gas carburizing ] 


—4 
L_} Combination pa Rotary hee 
L_] Complete toolroom LJ Gas nitriding CL] Soldering iron heaters 


L_} Continuous production LJ High speed steel 
heat treat line 


fT 
_| Tempering 


LJ] Metal melting e Tool hardening 


NAME 
TITLE 


COMPANY RECIRCULATING 


ili FURNACES 


SUNBEAM STEWART INDUSTRIAL FURNACE DIVISION of SUNBEAM CORPORATION 


(Formerly CHICAGO FLEXIBLE SHAFT co.) 
New York 19—Detroit Office: 3049 E. Grand Bivd., Detroit 2 
eronto 9 


Main Office: Dept.108, 4433 Ogden Ave., Chicago 23—New York Office: 322 W. 48th St 


Canada Factory: 321 Weston Rd . Se. 3 


Vetal Progress: Page 16-B 





NEUTRAL HARDENING 


means iust what if says... 





For more information on AJAX Electric Salt Bath Furnaces and their 
many uses — hardening. annealing. brazing. tempering. cleaning, 
quenching, etc. — metallurgists and metalworking executives are 
invited to write on their firm’s letterhead for the new 72-page Booklet 


No. 116. 


AJAX ELECTRIC COMPANY, INC. 
910 Frankford Avenue «+ Philadelphia 23, Pa. 


Heot Treoting Furr Ex vely 


Ajax Metal Co Ajax Engineering Corp 
Ajax Electric Furnace Corp. Ajax Electrothermic Corp. 
In Conode: Canadion General Electric Co., Lid., Toronto, Ont 


«+. and an amazing volume of work 
can be treated in small, relatively 
inexpensive salt bath equipment. 


A neutral salt bath provides an ideal means of heat- 
ing carbon or alloy steel parts without any dele- 
terious effect on the surface, such as scaling, 
pitting, carburizing or decarburizing. The bath 
completely seals out all air while work is heating 

. and a thin film of salt remains when work is 
removed, protecting it right up to the instant 
of quenching. 

All “protective atmospheres,” gas generating 
equipment and specially trained operators re- 
quired for their use are eliminated . . . with cor 
responding savings in initial expense, operating 
costs and floor space requirements. 


Heating cycles are 4 to 6 times faster than in atmosphere 
or radiant type furnaces—enabling small furnaces 
to handle a large volume of work —- because heat 
is transferred by conduction rather than by con- 
vection or radiation, all surfaces of the work being 
in direct physical contact with the molten salt. 
Heating. therefore, is both rapid and uniform... 


eliminating the cause of most distortion. 


Unique internal heating principle of the AJAX furnace 

utilizing patented, closely-spaced, immersed 
electrodes — produces an automatic electrody- 
namic stirring action within the bath which con- 
tributes to faster heating of the work and assures 
a temperature variation of less than 5° F. through- 
out the bath. 

his internal heating feature also permits use 
of long-lived ceramic pots, avoiding contamina- 
tion of neutral baths by metallic oxides produced 
by metal pots. 


The advantages of hardening in a neutral salt bath 
can be further enhanced by use of an isothermal 
salt bath quench (martempering or austemper- 
ing) to hold distortion to a minimum and elim- 
inate quench cracking. 


ELECTRIC SALT BATH FURNACES 
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HAYNE 


TRADE MARK 





the ALLOY YOU NEED 
in the SHAPE YOU WANT 


by the HAYNES precision casting process 


PART: Valve Part 
ALLOY: Stainless Steel 


This stainless steel valve bonnet for 
handling liquid food products was 
investment-cast to produce a smooth 
as-cast surface. When this part was 
cast by conventional methods, the 
cost of polishing made the total cost 
of the port higher than that of an 
electro-polished precision casting 


PART: Feed Dog 
ALLOY: Haynes Steuute No. 6 


Here is another typical Hayne 
precision-casting job—a feed dog, 
now produced economically inlarge 
quantities. Since this dog operates 
at high speeds, it was made of 
Haynes Steuite alloy to withstand 
severe wear and abrasion. Because 
the part is of intricate shape, the 
former cost of producing it by ma- 


chining made the part uneconomical 


PART: Lifter Plate 
ALLOY: Haynes Srewute No. 3 


This part—used in the production 
of tin cans—is precision-cast of 
Haynes Srewute alloy No. 3 to resist 
the severe abrasion encountered in 
high-speed operation. Because the 
alloy is extremely hard, even at 
red heat, it is not easily machined 
but it can be cast into this intricate 


hape by investment custing. 





rhe development of the Haynes precision invest 
ment-casting process has opened the way to 
greater freedom of design of metal parts that 
must resist heat, abrasion, and corrosion. This 
new process makes it possible for you to choose 
an alloy that will give you the best possible ser 
vice ...in the shape that will best meet your 
design requirements. You needn't be con 
cerned about the difficulty of machining, grind 
ing, or forging the alloys that offer the com 
bination of properties you need. Hayves Sreciire, 
Hastercoy, and Muitimer alloys, as well as 
various stainless steels are easily cast into intri 
cate shapes by the Havyves precision-casting 
process. 

Precision investment casting does not com 
pete with low-cost, mass-production methods 
of manufacture such as forging, stamping, die 
casting, or screw machine operations. But pre 
cision-cast parts are economical if the shape 
cannot be produced readily in the required 
alloy by conventional methods. 

Our engineers will be glad to discuss with you 
the ways in which precision-cast parts may be 
used in your designs. Just call or write the 
nearest district office. If you would like more 
complete information on the subject, ask for a 


copy of the booklet **Haynes Precision Castings.” 


Haynes Stellite Company 
Unit of Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 


Sales Offices 
Chicago — Cleveland — Detroit— Houston 


Los Angeles — New York — San Francisco — Tulsa 





The trade-marks “Hayn Hayn Stellit loy,” and “Multimet” distinguish products of Haynes Stellite 
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High Temperature Lubrication... 
400° F. and up! 


A large Midwestern steel company reports that easily applied 
“Darmold” Mold Wash— produced with *“*dag’’ colloidal graphite 
by the Daccr Chemical Products Company, Pittsburgh —has simplified 
ingot stripping...lengthened mold life...improved surface quality of 
ingots...reduced ingot product conditioning costs. 

In the steel industry, as in countless other industries, “dag*’ 
colloidal graphite dispersions are continually conquering problems of 
high temperature lubrication. Perhaps one of the many **dag’® 
colloidal graphite dispersions is the answer to your particular problem. 

In addition to high temperature lubrication **dag*® colloidal 
graphite dispersions are ideal for use in opaquing, parting, impregnating, 
general lubrication, and electronics work. 

Consult Acheson Colloids engineers for possible money-saving 
applications of these versatile products in your business. Clip the coupon 
and mail NOW. 

Acheson Colloids Corporation, Port Huron, Michigan; Boston; New 
York; Philadelphia; Pittsburgh; Cleveland; Detroit; Chicago; St. Louis; 
Los Angeles; San Francisco; Toronto. 


Pouring and stripping steel ingot. 





Send us information 
on “dag” colloidal 
graphite dispersions 
for: 
Extreme (high or low) temperature lubrication 
General lubrication Parting 
impregnating Opaquing 


Electronic applications 





40th Anniversary Year 





Acheson Colloids Corporation 
Port Huron, Michigan 
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YOuNGSTOWN Cold-finished Bars are 
ideal for high-speed screw machine products, 
small shafting and many other items. The uni- 


formity of the high quality steel used in their 


manufacture results in excellent machinability. 
Youngstown Cold-finished Bars are produced 
in a wide range of sizes—straight lengths or 


coils. We should like to consult with you on 


your cold-finished bar requirements. Call our 
District Sales office and a representative will 
call upon you promptly. We will make every 
effort to meet your needs to your complete sat- 


isfaction. 


Osi 


COLD FINISHED | ‘— CARBON AND ALLOY STEEL BARS 
THE YOUNGSTOWN SHEET AND TUBE COMPANY “ors O'tces —_ Younsstows 2, Oto 


Manufacturers of Carbon, Alloy and Yoloy Steel Export Office-500 Fifth Avenue, New York 


CONDUIT - PIPE AND TUBULAR PRODUCTS BARS - RODS - COLD FINISHED CARBON AND ALLOY BARS - 
SHEETS - PLATES - WIRE - ELECTROLYTIC TIN PLATE - COKE TIN PLATE - TIE PLATES AND SPIKES. 
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DEMPSEY INDUSTRIAL FURNACE CORP 
a 


Scuce GE 


f Ke me 
The first Spencer Turbo was in- . 
stalled in 1917. Many of the early 


machines are still in service. A few SURFACE COMBUSTION COMPANY 


of the equipment manufacturers "5 +. y 
that have used Spencers consis- 
tently (see dates) for many yeors 


are represented on this page. 1921 . 
a 
! 


AMERICAN GAS FURNACE CO. 


we 


La 
oe SPENCER 


R-S PRODUCTS CORPORATION 

Standard sizes from 35 to 20,000 cu. ft.; ‘4 to 800 H.P.; 
8 oz. tol0lbs. Single or multi-stage, two or four bearing. 
Special gas-tight and non-corrosive construction available. 
Special Spencer Bulletins are available as follows: Data, 
No. 107, Gas Boosters, No. 109, Four Bearing, No. 110, 
Blast Gates, No. 122, Foundries, No. 112 and the General 
Bulletin is No. 126. 


THE SPENCER TURBINE COMPANY ¢ HARTFORD 6, CONN. 
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Since these boxes Weigh 2/3 Less 


HOW MUCH FUEL 
CAN YOU SAVE 


in each heat-treating cycle? 


N/ 


The solution of the above question is an obvious 
one. Let's say that in each furnace cycle the fuel 
consumed in heating the metal itself of the cast iron 
boxes, pictured at the right above, is $60. Then, since 
the “Pressed Steel’’ sheet alloy boxes, pictured at 
left, weigh 2 3 less, a carload of them could be heated 
for roughly $40 less. When this substantial amount 
is multiplied by the number of heats in a year it de- 


velops into a real slash in production costs. 


If this possibility of fuel savings has not been 
canvassed may we suggest that the number of BTU's 
consumed in heating your annealing or carburizing 
equipment be computed. The possible savings may 
point up a reason why, for example, 80°, of the 


THE PRESSED STEEL CO. Light-Weight 
Heat-Treating Equipment SAVES 4 WAYS 


Require less fuel and time to 


attain pot heat. Handle easier. Last 
Save 


space, increase furnace capacity. 


from 2 to 20 times longer. 


nation’s heat treaters use~"Pressed Stee!” carburizing 
boxes. As pioneers of light-weight sheet alloy heat 
treating equipment, we offer you a wealth of experi- 
enced engineering assistance and production know-how. 


Send blue prints or write as to your needs. 


“Pressed Steel” light-weight 

sheet alloy heat-treating units 

are furnished in any size, as 

well as in any design or metal specification 

Complete line of equipment for every pur- 

pose: annealing and carburizing boxes, covers, baskets, 
racks, tubes, retorts, etc. 


THE PRESSED STEEL COMPANY 


o f 


WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 


OFFICES 


IN PRINCIPAL CITIES 
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ting Oil 


———— - 
s better protection 
against rust 


give 


Look at these 


unretouched photos 


of samples after 


humidity cab 


Here’s protection for metal parts being machined 
in your shop! The excellent rust preventive prop- 
erties of Gulf Soluble Cutting Oil prevent rust 
formation between processes or when the job is 
left on the machine. It keeps highly finished sur- 
faces bright longer! 

The two samples shown above tell the story! 
Both have been exposed to a controlled flow of 
120 F. air saturated with water (Relative Hu- 
midity—100°.) for a period of more than two 
hours. 

Note the startling difference! The sample 
coated with an emulsion of Gulf Soluble Cutting 
Oil shows no signs of rust formation even at the 


LUBRICATION 


inet test 


een 
a LP, od 
Tey with 


This some “Oil 
on aes ™ 
= 





plate corners, which are more difficult to protect. 
The sample coated with an ordinary soluble oil 
emulsion is spotted with rust marks, many of 
which have marred the surface permanently. 
This is another important plus value of Gulf 
Soluble Cutting Oil. For further information 
write, wire, or phone your nearest Gulf office. 


Gulf Oil Corporation - Gulf Refining Company 


Division Sales Offices: 
Boston - New York - Philadelphia - Pittsburgh + Atlante 
New Orleans + Houston - Lovisville + Toledo 


Gulf Oil Corporation - Gulf Refining Company 
3800 Gulf Building, Pittsburgh 30, Pa 
Please send me, without obligation, the material I have indicated 
below 
_ 
Further information on Gulf Soluble Cutting Oil. 
[) Practical slide-rule-type calculator for help in main- 
LJ taining desired soluble oil concentrations 


Name 
Company 


Title 
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CASTING METAL 


Reverberatory Furnace Operations 


GERITY-MICHIGAN CORPORATION 


Demonstrate High Temperature CA. Firing Technique 


REVERBERATORY FURNACES designed to in- 
crease the production of zinc base die casting alloys 
have expanded melting and alloying capacity almost 
§0°% over conventional pot melting. At Gerity- 


Michigan Corporation, Detroit, these Gas-fired 


furnaces operate on practically continuous sc hedules 
with savings of 35° to 40° based on time-saving 
methods and more efficient fuel utilization 

This application demonstrates the flexibility of 
GAS for industrial heating processes in high tem- 
perature ranges. But it also emphasizes the role of 
GAS in the development of production-line equip- 
ment for non-ferrous metals 

R. L. Wilcox, metallurgical engineer and Vice 


President of Gerity-Michigan Corporation describes 


the furnace and its application—*This 18-ton 
Gas-fired reverberatory furnace has the advan- 
tage of extended service life, more efficient fuel 
utilization, closer temperature control, simplified 
alloy analysis.” 

Regardless of the type of heating operation or 
heat-treating process, GAS is the ideal fuel for 
any temperature requirement, or any production- 
line application. The characteristics of GAS 
speed, flexibility, economy, controllability—are 
useful features for every industrial heating need 
In view of rapid developments it’s always worth- 
while to keep your eye on what's new in Modern 


Gas Equipment. 


Gas-fired reverberatory furnace de- 
signed and constructed especially for 
melting and alloying zinc base die 
casting alloys at Detroit Die Casting 
Division. 


4s 


AMERICAN GAS ASSOCIATION 


420 LEXINGTON AVENUE 


NEW YORK 17,N. Y. 
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N-A-X HIGH-TENSILE STEEL 


N-A-X HIGH-TENSILE saves three ways when used in the manufacture 


of home appliances. 


Because of its inherent high strength and toughness, up to 33°) more 


units per ton can be produced than with ordinary carbon sheet steel. 


Because sections can be made lighter without sacrifice of strength or 
durability, handling weight can be reduced, packaging and shipping 
costs lowered. 


N-A-X HIGH-TENSILE provides a smoother surface texture when 


drawn, permitting substantial savings on finishing. 


Why not investigate the possibilities of N-A-X HIGH-TENSILE for your 
products ? 


HIGH-TENSILE STEEL N-A-X Alloy Division ¢ Detroit 18, Michigan 
coun aasuo eons commen UNIT OF NATIONAL STEEL CORPORATION 
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LINDBERG 
BOX TYPE 
FURNACE 


B-2 and B-6 


e 
Economy of Operation 
Long Element and Furnace Life 
Accurate Heating Control 














The Lindberg Box Furnace is a com- 
pact economical furnace for handling 
many types of heat treating jobs re- 
quired in the modern laboratory. Ash 
determinations, fusions, ignitions, 
assaying, drying precipitates and heat 
treating small parts are several of the 
many useful applications for which 


this furnace can be used. 


The Furnace is constructed as a com- 
plete self-contained unit. A P2L2 
Manual Pyrometer and Input Control 
is supplied as a separate unit so that 
it can be mounted for the convenience 
of the operator. If full automatic con- 
trol is desired, a 291 ‘““Lab-Type”’ indi- 


cating pyrometer controller is furnished. 


H-25900 Furnace No. B-2 


DIMENSIONS 


Overall length ... 23" 
Overall width. . .. 19” 
Furnace height . . . 22° 
Furnace width. . . . 16%” 
Clearance height 27%," 
Chamber depth. . . 10%” 
Chamber width . . . 4" 
Chamber height. . . 4” 


SPECIFICATIONS 


Power Rating—watts . 1800 4000 

Power Service. . - 115 or 230 Volts 230 

60/50 Cycles 60/50 Cycles 
380 Lbs. 500 Lbs. 
$374.00 $468.00 


Shipping weight . 

Price with P2L2 Control 

Price with 291 Auto- 
matic Control . 


490.00 583.00 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 


CLEVELAND 6, OHIO 
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Ferro Vanadium, consistent from 
lot to lot, assures the steelmaker 
closer control during production 
and a finished product of unex- 
celled microstructure and physical 
properties. The alloy is produced 
in the following grades to meet 
the requirements of various prod- 


ucts and manufacturing technics: 


VANADIUM 


420 LENINGTON AVENUE, NEW Y 





Highest Quality Steels 
mus" VANCORAM FERRO VANADIUM 


The high quality of Vancoram 


GRADE “A” 
(Open Hearth) 


GRADE “B” 
(Crucible) 


GRADE “Cc” 
(Primos) 


HIGH V GRADES 


Typical Composition 


Vanadium 5-40 


Silicon max. 12 


Carbon 


Vanadium 
Silicon 
Carbon max. 0.50 
15-45 


Vanadium 
Silicon max 


Carbon max 


Vanadium 


Silicon 


Carbon 





max. 3.50°; 


35-45' 
max. 3.50°, 


Large stocks are carried of all 
grades of alloys, and they can be 
supplied in any of the standard 
lump, crushed, or mesh sizes. 
Our metallurgists will be glad 
to assist you in the application of 
Vancoram Ferro Vanadium to 
meet your specific requirements. 


MAKERS OF 
FERRO ALLOYS 


CHEMICALS 
AND METALS 


CORPORATION OF AMERICA 


ORK 17, N. ¥ ° 


DETROIT ° 


CHICAGO 


* CLEVELAND ¢« PITTSBURGH 





iu »* 


For High Strength without Heat Treatment! 


by, This aluminum casting is a toel rack for shovels 

\ rakes and other heavy garden equipment. The Max 
Manufacturing ¢ ompany of San Jose, California, chose 

Penzaloy, Fed 

the fabrication of the product Xe 


. hoes, 


erated’s new aluminum casting alloy, for 
because of its great strength as cast. without 
the necessity of heat treatment.” Tenzaloy tensile strengths average 29,000 psi 
as cast, and 35,000 psi with 10-14 days aging at room temperature 
This manufacturer also states that Tenzalo 


foundry procedures can be followed in its us 


clean « isting with a minimum tf 


s his choice because “standard 
ind the end pro luct is a mice 
iss, bother and expense.’ 

Tenzaloy also has excellent ductility, impact resistance, istabilitv, machin 
ability, corrosion resistance and superior polishing characteristics. Send now to 
Federated’s Dept. SJ for literature that describes Tenzaloy more fully. 
Federated produces many other non-ferrous metals and 
alloys, including brass, bronze, aluminum and magnesium 
ingot; solders: type metals: die casting metals and fabricated 
lead products. Sales 25 cities across the nation. 


Sedu METALS 


Division of American Smelting and Refining Company, 120 Broadway, New York 5, N.Y. 


oflices in 
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; 
an 594 Geas-fired corburizers at the Bonney Forge & Tool 


Works, Allentown, Poa., ore required to stay on 
ee ee a 


For 30 years, world-famous Bonney tools have 
been heat-treated in Nichrome retorts designed and 
cast by Driver-Harris for use in American Gas Furnace 
Company carburizers. 


Employed in every carburizing unit at the Bonney 
plant, these retorts have proved unexcelled for effi- 
ciency, economy and long life. 


The lighter construction afforded by Nichrome results 


ste in higher heat transfer and less heat consumption, and 
the superior heat and corrosion-resistant properties of 
this outstanding alloy assure top-level performance over 


longer periods, with minimum furnace downtime. Result: 
maximum production at lowest heat-hour costs. 


Whatever your heat-treating problems, you will find 
Nichrome, and the other D-H cast alloys, Chromax*® 
and Cimet*, unsurpassed for normal applications, in- 
dispensable when meeting unusually severe conditions. 
So send us your specifications. We will gladly make 
recommendations based upon your specific require- 
ments. 


*hichrome 


Driver-Harris Company 
HARRISON, NEW JERSEY 
BRANCHES: Chicogo, Detroit, Cleveland, Los Angeles, San Francisco, Seattle 


*T.M. Reg. U.S. Pat. OF 





How would you make SPOT WELDS 


LINDE’S new HELIARC torch for making spot welds 
with contact from only one side. 


Net Weight 2 Ib. 


Length (barrel) 10 in. 


Capacity. 250 amp. 


One hose makes the spot welding torch as light and 
portable as an oxy-acetylene blow pipe. 
Trigger action 


Push button control of electrode adjustment 


With the Hetrare torch on the assembly line, vou can easily make spot welds in those 


hard-to-get-at places. Other applications are just as easy. 
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Full Scale 


“HELIARC” TORCH SPOT WELDING can do it easily and quickly 


Torch spot welding is a new use for inert-gas- 
shielded are welding that fills a long-felt gap in 
sheet metal assembly methods. Spot welds are 
made by a light pistol-grip torch that requires 


access to the work from only one side. 


Does many jobs 


You can use this new Hevtarc torch for many 
types of spot welding work. It is especially useful 
where the structure is large or of complicated 
shape because welding is done from one side and 
no forging pressure is required. You can spot 
weld ducts. tubes, containers, brackets, handles 
and many other assemblies. Mild steel, low alloy 
or stainless steel .030 to .064 in. thick are the 
metals that can now be welded. Not only can 
you join sheets of these metals in one to two 
seconds per spot, but you can also join a sheet 
of metal to underlying material of any thickness. 
Thus. corrosion resistant sheets can be spot 


welded to mild steel plate to provide cladding. 


Easy to use 
Its no trick to weld with the pistol-grip 
Hrsiarnc HW-8 Spot Welding Torch. Just press 
the “muzzle” of the “gun” against the work and 


pull the trigger. 


Low-cost power equipment is another feature 
of this process that makes it attractive. A regular 
300 amp. welding transformer with high frequency 
unit is all that is needed to supply the power. 
Power return is by ground lead clamped to the 
work at any convenient location. A timer con- 
trol automatically takes care of operating the 


accessory equipment. 


Equipment is simple 

Only one hose assembly connects the torch to 
the accessory equipment which can thus be 
placed out of the way to leave the entire work 
area free. The standard hose assembly is 25 ft. 
long. The hose is about an inch in diameter and 
contains conductors for power cable, cooling 
water, shielding gas, and trigger control. Electrode 
adjustment is easily made by push-button 
control located on the torch. All of these features 
make the spot welding torch easy and natural 
to use and as light and portable as an oxy- 
acetylene blow pipe. 

‘The ease of use and quality of work done with 
Hetiarc torch spot welding makes it an ideal 
production line tool. Contact any LinpE office 
for additional information about this new spot 


welding process. 


The words “Linde” and “Hehare™ are registered trade-marks of The Linde Air Products Company 


THE LINDE AIR PRODUCTS COMPANY 


a 
‘trt0le UT Mel an elaliolale Glela clic i- Melati @lelaolelain Sela elelaciilels 
Trade-Mark 30 E. 42nd St.. New York 17,N. Y UCC @liila Sle Oli aad 4) hele 


Talo lalel-f- POLO), 1 1@), MOP Of) 4) YMPANY, LIMITED, Toronto 
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Are you missing a chance 
to cut Part-Costs 


WITH STAINLESS? 


If you made a cost-study of each part of your product 10 


years ago and decided Stainless Steel was too high, you may 
be in line for a pleasant surprise today! 

With labor costs away up and plating costs much higher, 
Armco Stainless Steels are now a ‘best buy’ for 
various parts of many products. 

Consider this center shaft for a phonograph turntable 
It was formerly machined from Bessemer screw stock 
then electroplated and polished. Now it is machined from 
Armco Stainless Steel Type 416 cold drawn rounds and 
it actually costs less. Plating and polishing costs are 
eliminated since the machined surface of Armco 
Stainless stays smooth and bright 

So the manufacturer has a double-barreled advantage 
Lower production costs and a more beautiful, longer- 
lasting product for his customers. 


SAVINGS FOR YOU? 


Does this give you an idea for one of your products? A 
part-by-part cost analysis may lead to savings with Armco 
Stainless Steel that you never thought possible. And with this 


economy you |! have all the advantages of Stainless ts 
resistance to heat and corrosion, great strength, enduring beauty 
Make your 1948 cost study now in terms of what your 
raw-materials dollar will buy today. Our engineers will be 
glad to work with you. 
Armco Stainless Steel sheets, strip, bars, wire and plates are 
available for early delivery too. Write us or call our 
nearest district office or Armco Distributor. Armco Steel 
Corporation, 432 Curtis Street, Middletown, Ohio 


Export: The Armco International Corporation. 


RMC, 
ARMCO sraintess steets ¥/ 
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EIGHT 


Make This His Last Trip! 


far 
It can be worked hot or cold 
little or no change from standard 
shop practice. 


You increase payloads by reducing dead weight 
with equipment fabricated of Inland HI-STEEL 


On-the-job experience proves 
that mobile equipment made of 
Inland Hi-Steel is a sure cure for 
those unnecessarily high operating 
costs caused by dead weight. 

It’s Hi-Steel’s high strength-to- 
weight ratio that makes the differ- 
ence. This remarkable low-alloy 
steel has nearly double the working 
strength of ordinary structural 
steel, with more than 509% greater 


Iatang. 
SrEBL 


more resistant to abrasion. 


with 


ability to stand up under dynamic 
This means that mobile 
units built with Hi-Steel, treight 
trucks, or earthmovers, can 
substantially loads 


To make larger tonnages avail 
able to you, other companies are 
licensed to make Hi-Steel. Write 
for Bulletin No. 11. INLAND 
with no. sacrifice in structural STEEL CO., 38 §. Dearborn 
strength. St., Chicago, Ill. Sales Offices: 
Chicago, Davenport, Detroit, 
Kansas City, Mil- 

York, St. Louis, 


loads. 


cars, 


greater | | 


carry 


You get other advantages with 
Hi-Steel, too. It has about five 
times the atmospheric corrosion re- 


Indianapolis, 
New 
Paul. 


waukee, 


sistance of ordinary steel and is and St. 


Hi-Steel meets the requirements of SAE Specification 950 


INLAND 
HI-STEEL 


THE LOW-ALLOY, HI-STRENGTH STEEL 


Available in Many Forms 
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Stainless Sheet in Mass Production 


: Canton and Massillon to inspect beautiful 

new equipment installed by Republic Steel 
Corp. for making stainless steel sheet, and mar- 
veled at the amount of this noble metal that 
is now being made and sold. Twenty-five years 
ago American production was limited to a few 
hundred tons of the cutlery analysis; now con- 
tinuous sheet and strip mills of most modern 
design are necessary to make 1948’s 600,000 tons 
of all kinds of “stainless”. Perhaps this does not 
sound like so much in view of our total production 
of steel ingots crowding 85 million tons, but still 
it represents a tidy sum of money when you 
remember its average price at the mill of about 
3600 per ton (maybe $800 for sheets and strip). 
Its utility soon outgrew the original use for cutlery 
where the word “stainless” is truly applicable: 
now it goes into all sorts of places where its 
permanence — over-all resistance to corrosive sur- 
roundings is the main requirement. Conse- 
quently, Republic’s trade-mark “Enduro” has 
much to recommend it as a generic name. L. S. 
Hamaker, assistant general sales manager, said 
that no important new field of consumption had 
been uncovered during these postwar years while 
production was doubling —rather that the old 
uses were becoming universal, and minor uses in 
old industries continually appearing. The food 


By the Editors 





industry — in all its ramifications of food process- 
ing, meat packing, dairying, restaurants, kitchen 
equipment — is the largest consumer, taking as 
much sheet as it can get and crying for more. 

The principal steelmaking advance, in the 
opinion of Chief Inspector F. O. Reese, is the 
ability to make wide sheets. Republic’s prewar 
Plant No. 1 could make coils 30 in. wide, but edge 
cracking in the hot mill was epidemic. Some 
analyses were worse than others; nevertheless 
success in making 62-in. strip-sheet in the new 
Plant No. 2’s real mass-production equipment 
has required numberless adjustments in the min- 
utiae of mill practice clear back to the melting 
sheet. One potent factor in this advance is as 
nice a metallurgical laboratory as ever I did see in 
a steel plant — indeed it is unique. Whenever 
any coil fails to work as expected, the foreman 
can walk over with a sample, test pieces can be 
milled, pulled or bent, hardness read, Erichsen 
tested, melt records consulted, and the trouble 
diagnosed in 15 or 20 min. There is even polishing 
equipment and a binocular microscope. 

It is a truism that the buyer of stainless buys 
a surface. A logical extension of this idea is that 
stainless should be finished in a mill that is metic- 
ulously clean maybe air conditioning is in 
prospect. Less apparent is the truth of Assistant 
District Manager Ernest R. Johnson’s statement 
that any lapse in general housekeeping is immedi- 
ately reflected not only in the output but also in 
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the accident rate. Requisite cleanliness, also, is 
not too easy in a mill where heat treating and 
pickling require extremes of practice — tempera- 
tures up to 2000° F. and such unfriendly acids as 
nitric vad hydrofluoric. 


Gun Tubes and Liners 


i ge tehorranggers to Boston to talk before the @ 

Chapter about some interesting things that 
have happened to the stainless and heat resisting 
steels in the last few years — such as the use of 
oxygen for melting low-carbon heats, the sigma 
phase, some special-purpose compositions with 
manganese, copper or aluminum, the improved 
heat and stress resistant alloys for gas turbines, 
and the chances of making real super-duper alloys 

and had a chance to revisit Watertown Arsenal 
where everything is quiet as peace. Watertown’s 
laboratory functions primarily as a metallurgical 
research institution for the whole Army Ordnance 
Department, but now the immediate problem is. to 
recruit adequate personnel to replace the wartime 
experts who have re-entered industrial or educa- 
tional work Peter Kosting long-time student 
graphically showed the results of 20 
years’ work of designers, ballisticians and metal- 
lurgists which have decreased the weight of 
75-mm. field gun barrels by half, and from his 
remarks gathered that one of the limiting factors 
is now the temperatures momentarily generated 
by the powder. 


of guns 


Since desirable propellants can 
actually melt a thin layer of steel near the breech, 
further improvements will come through more 
infusible metal for liners. (One possibility for 
making such necessary thin-walled tubing of 
refractory metal — refractory both as to melting 
and as to workability-——is by feeding the metal 
as a powder through a spray gun and building up 
a sufficient layer on a revolving mandrel, then 
passing this slowly through an induction coil to 
fuse the compacted metallic particles, and finally 
stripping the thin-walled cast tube from its center. ) 

John F. Wallace, in charge of the experi- 
mental foundry at Watertown, demonstrated the 
workings of a centrifugal casting machine brought 
over from Germany. This utilizes a thin-walled 
mold, water jacketed, and therefore is capable ot 
casting one gun tube every 30 min., one-quarter 
of the time required to air-cool the thick-walled 
molds used in American machines. A thin layer 
of dry sand is spread inside the mold to protect it; 
the incoming molten metal passes through a spin- 
ning, open-bottomed “jug” and therein acquires a 
rotational path that does not wash away this 
protective sand. .... The advantages of cast over 


forged barrels are that they are made in relatively 
cheap and noncritical machinery; they do not 
have the transverse weaknesses of hollow forgings; 
they can be heat treated to equivalent longitudinal 
properties. 


Rust and Wear 


At Massachusetts Institute of Technology this 
4 graduate of a fresh-water college is always 
overpowered by architectural magnitudes, yet the 
buildings still grow in number and size; the under- 
graduate enrollment likewise. Imagine teaching 
the elements of iron foundry practice by laboratory 
exercises to 600 sophomores! Postgraduate 
instruction also occupies an important amount of 
faculty time and laboratory space . . . Talked long 
with Herbert H. Uhlig, about his researches in the 
corrosion laboratory and his editorial problems on 
the comprehensive “Corrosion Handbook” just 
published for the Electrochemical Society. As to 
studies into corrosion, it is no longer sufficient to 
dunk a piece of metal into acid and weigh the loss. 
Uhlig is now coming to grips with what happens 
to a vacuum-cleaned surface of stainless steel 
when a tiny trace of gas or liquid reaches it. Does 
a single layer of gaseous atoms attach itself 
more or less at random, or do metallic atoms come 
up out of the surface layers and build a chemical 
compound with a regular space lattice? Passivity, 
or resistance to corrosion, has been plausibly 
explained on both these suppositions — namely an 
adsorbed layer of atoms, and a thin layer of pro- 
tective oxide. Even though the hypothetical oxide 
is several times thicker than the atom (if the 
words “thick” and “thin” have any real meaning 
at such infinitesimals), it is still too thin to be 
studied by electron diffraction methods. The con- 
tact potentials of the two surfaces are quite differ- 
ent, however, so Uhlig’s apparatus consists of 
vacuum pumps, gas handling devices, and electri- 
cal meters of precision and _ sensitivity 
Methinks this information, valuable as it undoubt- 
edly will be to the study of corrosion, will also 
have some value to students of lubricants and 
wear. Rust and wear — these are the two main 
enemies of metal; otherwise our tools and 
machines might be everlasting. 


OW MANY readers do you suppose have 
written The Editor telling him that the char- 
acters meaning “Chinese language” on page 697 
of November's issue are upside down and also read 
in the wrong direction that is, readers with 
American names -—— with the Far East yet to be 


> 


heard from 
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Glass Versus Metal for Containers 


( NE EXCUSE —if excuse be needed —for a 

metallurgist to visit an establishment devoted 
to glass manufacture is that glass makers, 
strangely enough, call the molten bath “metal”. 
The “plant” inspected at Toledo really was a 
recently built laboratory of Owens-Illinois Glass 
Co. for studying customers’ problems. A_ wide 
range of services is tendered — free to users 
of glass containers by a staff of 350 people, includ- 
ing designers of labels, wrappers and cardboard 
displays, promotional and survey experts, bacteri- 
ologists, organic chemists and metal specialists. 
Specially inert glass containers and closures of 
plastic, fiber or metal are formulated for delicate 
substances. Tougher glass and more shock resist- 
ant shapes are developed for milk and beer bottles 
that make many round trips. On the other 
extreme, throwaway bottles are needed to compete 
with beer cans ... If the glass people don’t chise} 
into the tin can business it certainly will not be 
for the lack of an intelligent, well-financed try. 


Toledo, City of Glass and Jeeps 


\ TOLEDO, hub of the glass industry, to 


repeat a talk, “Implications of Atomic Energy”, 
before a joint meeting of American Society for 
Metals and American Chemical Society, and was 
rewarded by as large, attentive and intelligent an 
audience as a speaker could wish for — an indica- 
tion that the subject is still unclear in the minds 
of many citizens even three years after they heard 
of a far-off Japanese city called Hiroshima. Few 
prophecies were made, thus profiting from the 
recently proven fallability of “scientific” forecasts; 
even the observable present trends are hard to 
appraise, since the area of public knowledge about 
developments in atomic energy both at home and 
abroad is so small. 

In that same city of Toledo, found that the 
wartime Jeep had sired a line of progeny, all 
members gratifyingly bearing a strong family 
resemblance. The father of the line was functional 
in the strictest sense of of the word; everything 
that went into the Jeep had to pass three searching 
tests: Was it necessary? Was it adequate for the 
vehicle’s service? Was it economical to make? 
The result was a machine that was prized by 
G.I.’s_ (even though it bumped their backsides 
thumpingly); it was a bus beyond the fondest 
dreams of boys from China to Maine. Many such 
will pray that there can be at least one escape 
from the Slick metal shrouds that the Detroit 


motor magnates have draped around and about a 
motor, transmission and wheels. 

Touring the Willys plant with Nelson Meagley 
(metallurgist promoted to manager of quality 
control), fell into a discussion with Glenn Pelton, 
in the forge shop, about the comparative merits 
of relatively slow heating in conventional fuel- 
fired furnaces and rapid heating by electric induc- 
tion or by high-intensity gas flames. Aside from 
reluctance to scrap serviceable equipment, dear to 
the heart of the hammermen, fast heating requires 
billets of notably better surface — sometimes not 
so easy to get in these days of steel scarcity. Small 
surface flaws can usually be sealed off during a 
soaking heat; on the other hand, scale wears out 
furnace hearths and forging dies and is sometimes 
pounded into the part. Minimum scale is obvi- 
ously necessary for a hot coining or restriking 
operation. Heating by electric induction is best 
fitted for rounds, flats and such simple shapes; 
radiant gas equipment seems more adaptable for 
reheating semifinished forgings. 


Large Cylinder Liners, 
Induction Hardened 


TATIONAL SUPPLY CO. manufactures oil-field 
equipment that is in enormous contrast to 
automotive parts. For example, the double-throw 
crankshaft for the largest sludge pump in the 
National line (photographed on p. 469 of the Octo 
ber issue) weighs 7000 Ib. and transmits 825 hp 
at 65 r.p.m., whereas the four-throw crankshaft 
for the Jeep engine weighs 464 lb. and transmits 
63 hp. at 4000 r.p.m. However, this bulk is in line 
with the “hell-for-stout” oil industry, where field 
equipment is classed as portable if it weighs less 
than 25 tons! Shop equipment is correspondingly 
heavy ... Chief Metallurgist Robert Adams exhib- 
ited a machine as large as a steam hammer for 
hardening the internal bores of sludge pump liners 
(It appears that as the well gets deeper and deeper. 
the liquid mud pumped down to the drill bit needs 
higher and higher pressure, so the linings of the 
pump cylinders and the pistons are correspond- 
ingly replaced by others of smaller diameter.) 
Cylinder liners are made of 0.50% Cr, 0.55 ¢ 
steel; in size they may be as much as 10% in. out 
side diameter by 30 in. long; internal diameters 
may be from 8'2 to as little as 4 in. To resist 
scour the internal surfaces are hardened to C-60 
to C-63 with depth to 50% martensite of 0.130 to 
0.080 in., varying inversely with the wall thick- 
ness. The hardening machine clamps the liner in 
a vertical position. Up the axis creeps an inductor 
head at '% in. per sec.; it carries 3000-cycle current 
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and is immediately followed by a quenching head. 
Speed of inductor is automatically varied to take 
care of excess heat requirements at start and to 
avoid overheat at the end. Floor to floor time is 
t min. Replacing inductor and adjusting con- 
trols for a liner of different diameter requires 1% 
hr. The water quenched liners are subsequently 
airdrawn 2 hr. in a Despatch pit furnace at about 
400° low enough so the Rockwell hardness is 
reduced not more than a point or two. This is 
obviously a quicker job than the carburizing cycle 
formerly used. It is commonly said that excess 
carbides in the microstructure are necessary to 
resist scouring wear; excess carbides do not exist 
in hardened 0.50°% carbon steel, of course, but 
such liners appear to stand up in service just as 
well as the high-carbon carburized liners. 


Addition to Editorial Staff 


T GIVES me much pleasure to announce the 

appointment of TayLtor LyMan as Associate 
Editor of Metal Progress, now that he has com- 
pleted the three-year task of organizing and edit- 
ing the 1948 edition of “Metals Handbook”. The 
success of this monumental work is proof that, 
through Dr. LyMan’s efforts, the editorial coverage 
of Metal Progress magazine will be enhanced in 
variety and scope. 

Metal Progress was established by the Ameri- 
can Society for Metals in 1930 under the editorial 
direction of Ernest E. THoum, who brought to the 
work unusual experience in metallurgical engi- 
neering, editing, and technical publicity. The 
Editor’s aim for the magazine 
was to live up to its title 





namely, to publish information 
on advances in metallurgy (sci- 
entific and technical progress in 
the production, fabrication and 
use of quality metals and alloys) 
in common language free from 
mathematics, abstractions and 
scientific jargon. Editor THuM’s 
success in this respect may be 
judged by the citation (at the 
recent @ convention in Phila- 
delphia) by the Committee on 
Distinguished Service Awards 
“for gathering, interpreting, and 
presenting information on alloy 
steels in all their aspects”. 

The Board of Trustees of 
the American Society for Metals 
believes that the original editorial 
objective is still the prime reason 
for the existence of Metal Prog- 
ress. In fact, there is to be no 
pause in our efforts to maintain 
its unique position among Amer- 
ican technical magazines. Hence 
the appointment of Dr. LyMan 
We believe 
that, with this team of outstand- 
ing editors, THuM and LyMan, 


as Associate Editor 


the members of the American 
Society for Metals and readers of 
Metal Progress may confidently 
expect that the scope and cover- 


uge of the magazine will be 





Taylor Lyman 
Associate Editor, Metal Progress 


advanced in important measure. 
W. H. E1seENMAN 
Sec retary 
American Society for Metals 
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KILLED BESSEMER 





— A NEW STEEL 





OF HIGH QUALITY 





STEEL has been 
made in America since 1864, the process thus being 
six years older than the now dominant openhearth. 
The basic principles remain unchanged, although 
many variations have been tried and many 
improvements made. Acid linings and bottom- 
blown vessels are used exclusively in America for 
making ingot steel. 

The early use of the converter was primarily 
for the manufacture of rail steel. At the present 
time (other than duplexing with the openhearth) 
the process is used principally in the production 
of screw stock, buttwelded pipe, seamless pipe, 
flat rolled products, and for steel castings. The 
future of bessemer steel has many commercial 
possibilities since the inherent economic advantages 
of the process are being given a renewed 
appreciation 


Economic Considerations 


The cost of building a bessemer plant is appre- 
ciably less than that of an openhearth plant of 
equivalent capacity. However, greater blast fur- 
nace capacity is required, as only a small amount 
of scrap is used in the process, and this was 
probably one of the factors which were responsible 
for the shift from converter to openhearth pro- 
duction during the past 40 years. With proper 

*Extracts from a paper presented before the 


regional meeting of the American Iron and Steel 
Institute in Cleveland, Sept. 29, 1948. 





By E. G. Price 
Vice-President in Charge of Operations 
National Tube Co 
Pittsburgh 





facilities in an integrated plant, the cost of pro- 
ducing bessemer ingots over a period of years 
should be less than that of openhearth ingots. 
When a shortage of scrap exists and its price is 
high, the bessemer plant not only has an economic 
advantage but is in a better position to make steel. 

Consequently, the economic relationship of 
converter to openhearth production is influenced 
by the availability of steel scrap. The bessemer 
process uses about 10°, while the stationary open- 
hearth process ordinarily has 35 to 50% of scrap 
in the charge. Furthermore, the bessemer process 
is more than self-sufficient, as the crop-ends from 
the blooming mill alone produce about 15%, and 
additional scrap is produced in further processing 
The stationary openhearth process produces a 
similar amount of scrap but constantly uses more 
than it produces, so the deficit must be purchased 
from out-of-plant sources 

At the present time, the production of con- 
verter steel is apparently not great enough for the 
correct balance of processes in the steel industry 
If the present unbalanced condition, which is 
related to a shortage of scrap, continues for a 
sufficient period, economic pressure will bring 
about conditions which have existed in Europe for 
many years, and will result in increased bessemer 
production 
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Killed Bessemer Steel 


| Regular Acid Bessemer Process | | Deanicized Acid Bessemer Process | 
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Bray of the Riverside 
Iron Works at Wheeling. 
W. Va., began making 
buttwelded and_ lap- 
welded pipe of soft bes- 
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Fig. 1 — Differences Between Manufacturing Practices 
for Regular and for Deoxidized Acid Bessemer Steels 





semer steel. Up to that 
Metal losses in the converter are comparable time, wrought iron was the only material used for 
with those of stationary and duplex openhearth welded pipe and tubes. Bessemer steel proved to 
practice, despite the pyrotechnic display which be the equal of wrought iron—and_ actually 
impresses the observer. This situation should superior in many respects. Today, conventional 
improve in the future as technological advances bessemer steel is used extensively to produce 
are applied welded pipe by the continuous and noncontinuous 
E. C. Wright has already described the process welding processes. In 1946, about 1,500,000 tons 
for making killed converter steel (see Metal of buttwelded pipe were made in the United States, 
Progress tor October 1946, p. 662). In outline it practically all from acid bessemer steel. 
is shown in Fig. 1, parallel to the conventional Properties —— Welded pipe made from bessemer 
process for making incompletely deoxidized steel steel has a chemical composition approximating 
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0.06 to 0.09% carbon, 0.30 to 0.60% 
manganese, 0.075 to 0.095% phosphorus 
and 0.030 to 0.045% sulphur. In some 
of the specifications phosphorus of pegaeh. . “ERS 
0.110% max. and sulphur of 0.065% possibilities of bessemer steel in other applications, 
max. is specified. specifically for making seamless tubes. E. C. Wright 

Mechanical properties of this mate- described these experiments in Metal Progress for 


rial will conform to 30,000 psi. min. October 1946 (“Killed Bessemer Steel for Seamless 
yield strength, 50,000 psi. min. tensile 


strength and 18% min. elongation in 
nin adition to tna tests, welded if for bememer sel forthe manufacture of product 
ing, flattening and hydrostatic testing requiring fully-killed ingots—products that heretofore 
requirements, depending upon the use have been made almost exclusively from openhearth 

Applications — Welded pipe is usu- or electric steel. In the present day of high-priced 
ally made into two separate classes, 
standard and extra-strong, differing in 
wall thickness. Standard pipe is intended 
for ordinary uses in steam, water, gas than the openhearth plants. 


Abandonment of lapwelded pipe manufacture 
about 10 years ago led the U. S. Steel Corp. to study the 


Tubing”). Mr. Price now discusses the commercial 


and economic conditions that forecast a new lease on 


scrap, the bessemer converters—requiring no out-of- 


plant scrap—are in a better position to produce steel 


und air lines where operating pressures 





are low Extra-strong pipe is used 

where higher internal pressures or 
greater column loads are to be sustained. Where the equivalent to openhearth steel, for piercing is 
corrosion is a problem, the pipe is usually a difficult operation requiring a billet of uniform 
galvanized. density and forging characteristics. Satisfactory 
Seamless Pipe—- Bessemer seamless pipe seamless tubes have rarely been produced with 
requires thoroughly deoxidized steel, a distinctly uniform practice from either bessemer or open- 
different product from regular acid bessemer steel, hearth rimmed or capped steels. Commercial pro- 
duction of bessemer seamless 
pipe by National Tube Co. 
according to the process outlined 
Manganese in Fig. 1 was. initiated in the 
t ae latter part of 1937. Since then 
over 806,000 tons of seamless 
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pipe have been produced from 
this type of stecl. 


Sulphur 


Scale 


Carbon It was soon determined that 


the properties were fundamen- 
tally different from those of 
regular acid bessemer welded 
pipe. Typical chemical and 
mechanical properties of Grade 


Phosphorus 8 


Change in Horizontal 


B seamless pipe are summarized 
in the frequency distribution 
charts in Fig. 2. 
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Steel made in this way has 
Yield Strength i also been very satisfactory for oil 
well casing where resistance to 
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Fig. 2— Distribution of Analytical 
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is desirable. For such services a higher carbon 


is often used Grade J-55. The average chemical 
and mechanical properties of high-carbon Grade 
J-55 bessemer seamless from 1400 tests obtained 
in one of National Tube Co.’s mills during 1946 
were carbon 0.37, manganese 0.96%, phosphorus 
0.085 ° sulphur 0.024%, silicon 0.19°%, yield 
strength 67,494 psi., ultimate strength 105,125 
psi., and 28.4% elongation in 2 in. 

Collapse tests made on many sizes of A.P.I. 
Grades H-40 and J-55 casing show that the latter 
seamless casing is superior to openhearth seam- 
less. Average figures for casing with a minimum 
tensile strength of 70,000 psi. are shown in Table I 

The toughness of steel is usually evaluated by 
the Charpy impact test. The impact properties at 
various temperatures of bessemer seamless are 
almost identical with openhearth steel, killed with 
silicon and aluminum, as used for seamless pipe 
medium carbon, Grade B steel made to A.S.T.M. 
Specification A-53 

The susceptibility of Grade B bessemer seam- 
less to embrittlement by cold work is similar to 
that of various types of openhearth steel used for 





Photo by Henry M. Mayer 


seamless pipe. Such characteristics are usually 
determined by Charpy keyhole notched impact 
tests of cold worked and aged specimens. 

Considerable quantities of Grade B bessemer 
seamless pipe used in place of openhearth seamless 
have exhibited satisfactory welding and other 
fabricating characteristics; many high-pressure gas 
lines have been satisfactorily welded. The material 
has also been hot swaged, hot bent, Van Stoned 
and threaded in a manner similar to openhearth 
steel. For a similar carbon and manganese con- 
tent the yield strength of as-rolled bessemer seam- 
less is usually 10,000 to 15,000 psi. higher than 
openhearth seamless. 


Table I — Resistance of Pipe to External Pressure 





D + T (a) OPENHEARTH (b) BESSEMER (c) 


6000 psi. 7200 psi 
4000 4900 
2750 3500 
1900 2400 











(a) Pipe diameter divided by wall thickness. 

(b) Basic openhearth steel, 70,000 psi. min. tensile 
strength. 

(c) Deoxidized acid bessemer steel, 70,000 psi. min. 
tensile strength. 


The properties of bessemer seamless steel at 
elevated temperatures have been investigated at 
the United States Steel Corp. Research Laboratories 
by short-time tensile and long-time creep tests. In 
general, the properties are so similar that the 
working stresses may be similar to those for 
openhearth steel made to fine-grained aluminum 
deoxidation practice. The stability at elevated 
temperatures of over 100 different steels for a 
period of exposure of 10 years is now under 
investigation. It has already been determined that 
for exposure periods of 10,000 hr. at 900 to 1200° F 
bessemer seamless is similar to openhearth seam 
less with respect to graphitization characteristics 

Recently, a modern creep testing laboratory 
has been installed by National Tube Co. and the 
high temperature properties of bessemer seamless 
and many other types of steel will be evaluated 
more thoroughly, particularly after long periods 
of exposure at elevated temperatures 


Applications 


While this discussion has been limited to 
seamless tubular products, it is thought that killed 
bessemer may be used advantageously in other 
engineering applications where carbon steels of 
superior quality are needed i) 
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COORDINATION OF 





METALLURGICAL WORK 





AT GENERAL ELECTRIC 





+ 

| APPARATUS is 
made up essentially of metals, insulation and 
engineering. Of the metals, copper, aluminum, 
lead, magnetic core materials, and alloys which 
will withstand elevated temperatures both from 
the point of view of oxidation and mechanical 
properties, are probably the items used in largest 
amounts. While the General Electric Co. uses 
great quantities of most of the common metals 
and alloys, the applications for a large number of 
these are highly specialized and therefore call for 
considerable metallurgical skill in their develop- 
ment, selection, specification and use. 

For example, in the metals section of the 
general Research Laboratory in Schenectady 30 
research associates and assistants and about 35 
laboratory assistants are engaged with the more 
fundamental studies involving magnetics, struc- 
tures, transformations, specialized tests, and alloy 
combinations. The aim is to understand the con- 
ditions under which metals flow, yield or fracture, 
oxidize, corrode or wear — and so anticipate, as 
far as possible, the large variety and combination 
of properties which may be called for by the 
designers in the vast number of electrical mech- 
anisms which are now manufactured. 

Aside from the Research Laboratory, there 
are at least 24 other laboratories in the various 
works of the company scattered throughout the 





By William E. Ruder 
Head of the Metallurgy Division 
in the Research Laboratory 
General Electric Co. 
Schenectady, N. Y. 





United States, all of which have some interest in 
metals. Each of these Works Laboratories employs 
from one to 32 technically trained men in metal- 
lurgical work depending upon the size and 
interests of that particular works — whose job it 
is to evaluate, specify materials and control metal- 
lurgical processes in their respective plants. In 
all there are approximately 150 people technically 
trained in metallurgy employed by the General 
Electric Co., assisted by about 100 laboratory 
assistants. In addition, a number of metallurgists 
are finding their places in our sales organization. 

Generally speaking, it is the primary function 
of the Research Laboratory to initiate new mate- 
rials, processes and theories. The Works 
Laboratories are kept informed of all of these 
developments through internal publications, com- 
mittees and liaison staff members; it is their 
responsibility to see that these new ideas are 
applied in every phase of the company’s metal- 
lurgical activities where they may be useful. It is 
impossible, of course, and undesirable that an 
attempt should be made to draw a hard and fast 
line which might tend to prevent the full develop- 
ment of ideas originating anywhere in the com- 
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superalloys for gas turbine blades. Copper 





and aluminum conductors must operate at 
increasingly higher temperatures without 
creep or distortion and still retain their 
high conductivity. 


Recent discoveries in physical metallurgy, to- 


gether with the development of new processing Steam and mercury 


turbines are limited in their efficiency 
largely by the stability of the materials 
available for their construction. The gas 


and fabrication methods, have caused the General 
Electric Co. to re-evaluate the important influence 
of the metal specialist on current manufacturing 
turbine has so far been able to increase 
these temperature limits only about 500° 

from around 1100 to 1600° F. and per- 
haps a little higher. In our aircraft gas 


processes. Long a center of fundamental research, 
the company’s management has continually em- 
phasized the importance of translating rapidly the 


newly discovered facts and ideas into everyday 


plant practice. 


be created and given adequate authority. 


this article Mr. Ruder outlines this situation and 


shows how the problems are being met. 


To do this, a proper staff must 





pany. For this reason activities which might be 
classified as “pure research” are often carried on 
in some of the Werks Laboratories. Some of these 
specialize in certain lines dictated by local inter- 
est. For example, a well-equipped welding labo- 
ratory at the Schenectady Works Laboratory 
investigates all kinds of electric welding are, 
resistance, and spot welding. This is of direct 
help to innumerable lines of manufacture, and to 
our engineers and draftsmen who design appara 
tus for this purpose. 

As complete a correlation as possible is main- 
tained throughout the company by a series of 
committees made up of men from all of the labo- 
ratories and designing and engineering depart 
ments interested in a particular line. As an 
example of this committee system 
truly working committees 


and these are 
is the one responsible 
for magnetic materials, the number of which. 
because of the many highly specialized require- 
ments, is surprisingly large. By this committee 
system every plant and division of the company, 
has someone on the local staff who is responsibl 
for the advice given to the designers on the prop- 
erties, cost and availability of core materials, and 
while this committee-man may not have specific 
knowledge of all of these, he has a direct line to 
the source of the information he may need. This 
same system is applied to welding, heat treatment, 
foundry practice, metal fabrication, metallography, 
and high temperature alloys. 

Mention has already been made of our very 
great interest in the properties of metals at ele- 
vated temperatures. This interest extends all the 
way from lead for cable sheathing to the so-called 


turbine division, jet engine designs require 
not only the very high-temperature blade 
materials, but also increased operating 
temperatures of other structural members, 
such as shafting, support frames, and 
liners. In many instances our research has 
already provided a suitable material or 
suggested the line of attack; in other places 
adequate materials are not yet available 
despite intensive investigations. 

\s far as process control is concerned, the 
company maintains five large foundries for the 
production of its requirements in cast iron, steel, 
aluminum, and nonferrous alloys. Metallurgical 
supervision of these foundries is usually provided 
by the Works Laboratory where they are located 
\gain, the production of ductile tungsten and 
molybdenum requires the most careful technical 
supervision at every stage. At the Carboloy com- 
pany, aside from the continued research on hard 
compounds and metal bonding, experts in machin- 
ing, drilling, stamping, and drawing of metals are 
needed to insure proper selection and use of this 
type of tool material. As another instance, the 
X-Ray Corp. and the Electronics Department are 
interested in a variety of metal-to-glass seals, 
metal-to-ceramic seals, and in the fabrication of 
many special metal parts. In our Appliance Divi- 
sions the chief metallurgical interest is in deep 
drawing, electrical and heat resistant alloys, weld- 
ing, bi-metals, and corrosion. 

\ few years ago, with the organization of a 
Chemical Department of the company, a Metals 
Manufacturing Division was also set up to make 
some of the new metal products originating from 
our studies. So far this division has confined 
most of its activities to the manufacture of cast 
and sintered permanent magnet alloys, magnel 
assemblies, electrical contacts, and a miscellany 
of powder metal products. Obviously, all types 
of new developments in metallurgy cannot be 
handled in this way, as it would involve activity 
in all metal-producing fields, vet in this single 
embryo department five metallurgists are employed 
in design and production and two in sales. 
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Perhaps some picture of the scope of metal- 
lurgy in the General Electric Co. can be had from 
a rapid review of the kind of things which have 
come out of our Research Laboratory in the past. 

Alloy research had its beginning in this labo- 
ratory back in 1905 in a quest for a high-resistance 
wire that would stand red heat without oxidation. 
“Calorite”, a nickel-chromium wire, one of the 
early “Nichrome” series, was the result. The 
invention of the Arsem vacuum furnace about that 
same time started a long research (it is still in 
progress) on the effects of gases in metals and 
changes in metal and alloy properties due to melt- 
ing under low pressures. 

Tungsten has always been a metal of much 
importance to the lamp industry. Doctor Coolidge 
developed an amalgam process for lamp filaments 
by which a tungsten-cadmium-mercury amalgam 
was extruded and later baked out by passing 
current through the wire in an evacuated treating 
bottle. This process was followed 


a few years later by the Coolidge 


electrically heating of apparatus and utensils of 
all sorts 

To pursue this line of industrial achievements, 
starting from or related to the early 


“academic” 
research on vacuum treatment of metals, it may 


be noted that a series of studies in intermetallic 
diffusion developed the fact that metals 
“cemented” with aluminum resisted scaling to a 
remarkable degree. Copper so treated was espe- 
cially corrosion” resistant. The “Calorizing” 
process resulted and later “Chromizing” and 
“Boronizing” 

From this work it was shown that 8 to 10° 
of aluminum alloyed with iron gave it almost 
complete protection against scaling However, 
the resulting alloy was very brittle, and its 
modification with nickel and chromium yielded 
a very satisfactory cast alloy called “Calite” and 
a series of aluminum-chromium-iron alloys with 


unusually high electrical resistance and excellent 





ductile tungsten process, one of 
the first commercial applications 
of the powder metallurgy tech- 
nique. The powder metal com- 
pact method was later applied to 
the production of porous and 
graphitized metal bearings and 
commutator brushes. The then- 
mysterious embrittlement of 
copper in certain furnace atmos- 
pheres and the embrittlement of 
steel springs in some _ plating 
solutions led to the study of the 
effect of reducing atmospheres 
on copper and the penetration of 
cathodic hydrogen. Copper 
brazing in a hydrogen atmos- 
phere and the atomic hydrogen 
welding process were early and 
logical developments from this 
preparatory work and they have 
been widely applied throughout 
industry. From copper brazing 
developed the tungsten contact 
and one of the first clad metals 
called “Binel”, a common steel 
coated on both sides with monel 
metal. By enclosing an electrical 
resistance wire in an insulator 
(magnesium oxide) capable of 
withstanding high temperatures 
(which in turn was held on in 
a metal sheath), “sheath wire” 
was produced, the predecessor 
of the present “Calrod” unit for 
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oxidation resistance. These alloys, called “Alcres”, 
have taken on many different commercial names 
and are still widely used in certain resister 
applications. Unfortunately, those containing 
higher aluminum and having electrical resistances 
up to 225 microhms per cu.cm. had a very low 
creep strength and so their use for this purpose 
was definitely limited. However, it was this alloy 
investigation that led directly and quite fortuitously 
to the discovery in 1931 of the permanent magnet 
alloy called “Alnico” and its several present-day 
modifications. 


High-Grade Electrical Sheet 


Just about the time this Research Laboratory 
started in Schenectady, Sir Robert Hadfield, in an 
English publication on alloys, called attention to 
the increase in resistivity of iron when small per- 
centages of silicon or aluminum were added. 
Alternating current systems were at that time 
attracting the attention of our leading electrical 
engineers, so that high resistivity was an impor- 
tant item in magnetic cores. The development of 
the present highly efficient transformer core lami- 
nations is an example of a continued research and 
development calling for the application of all 
phases of metallurgical knowledge.* First, we 
had to learn how to roll this new alloy into sheets, 
then how to reduce all impurities to an absolute 
minimum by improved furnace practice. The 
effect of grain size on magnetic properties was 
determined and a process for its control invented. 
And finally, having found that grain orientation 
Was a very important factor in magnetic proper- 
ties, a manufacturing process was developed which 
so closely controls the rolling and heating proc- 
esses as to produce (in large tonnage lots) strip 
whose grains are at least 95% oriented in the 
desired direction! The present product has 
reduced the transformer core losses to a tenth of 
the original unalloyed iron and a fifth of those 
of the original silicon-iron alloy. 

The efficiency of prime movers, depending as 
it does upon the temperature of operation, gave 
the Research Laboratory an early interest in the 
properties of metals at elevated temperatures. 
Some 25 years ago was begun a study of creep — 
slow extension under tensile load and high tem- 
perature. This interesting testing program has 
continued at an increasing rate ever since. As 
operating temperatures increased, rupture testing 
was added (that is, time to rupture a test piece at 


*The story is told in some detail in the leading 
article by Weston Morrill (“Improved Silicon-Irons for 
Electrical Equipment”) in Metal Progress for Novem- 
ber 1948. 


chosen loads and temperatures). With the advent 
of the high-speed turbosupercharger (and, more 
recently, the gas turbine) a constantly expanding 
program on other effects of temperature and tem- 
perature change has been carried on. Some of the 
alloys developed to meet the requirements of 
turbosuperchargers could not readily be forged, so 
the technique of the dental laboratory was adapted 
to industria! production and a pilot plant was set 
up to produce all sorts of complicated castings by 
the lost-wax molding process. This pilot plant 
was used by government agencies as a training 
ground for the industrial development of precision 
casting methods. 

Precipitation alloys—that is, alloys like 
duralumin that quench out soft but harden nota- 
bly by reheating and holding or aging at appro- 
priate temperatures — are by no means confined 
in utility to machinery operating at elevated tem- 
peratures. Alloys of this sort such as “Trodaloys”, 
aluminum and zine hardened by small additions 
of cobalt and beryllium, contact alloys, and 
bi-metal strips for a number of specific applica- 
tions are now standard articles in daily use 

The above are but a few of the products of 
metals research during its 40 odd years in the 
Research Laboratory. Obviously, an understand- 
ing of the fundamentals of metal behavior has 
always been of primary consideration, and funda- 
mental studies continually bear progeny of sur- 
prising industrial utility. 


Advanced Training Program 


With the increase in the company’s size and 
breadth of interest and increasing appreciation for 
the need for scientifically trained metallurgists, we 
started about 15 years ago to build up a metal- 
lurgist’s “pool” by recruiting each year a few care- 
fully selected college graduates with bachelor’s 
degree, bringing them to the Research Laboratory 
for a period of one to three years’ training with a 
view to meeting the needs for such men as they 
develop in the company at large. Several years 
ago this program proved inadequate and a new 
advanced scientific program was instituted. This 
increasing recognition of what the trained physical 
metallurgist — metal specialist-—-can_ contribute 
to a company with the broad field of interest of 
the General Electric Co. should be of considerable 
importance to educators, to prospective engineer- 
ing students, and to industrialists generally who 
have not yet appreciated the damage that can arise 
from a wrong decision as to fabrication or appli- 
cation of a given metal or alloy —and, on the 
other hand, the great necessity to keep abreast of 
the rapid advances in the field of quality metals. @ 
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How Much Uranium Have We? 


| pet a tm of the world’s uranium resources 
made by responsible men have varied by extraor- 
dinary margins. For example, Robert A. Millikan, 
Nobel prize physicist, writes in ‘‘Electrons (-+ and 
-)’’ (1947 edition): ‘‘Sinece there are now but 
two places in the world from which uranium ores 
can be obtained in appreciable quantities, I do not 
anticipate that uranium will be used for any major 
fuel or power purposes.’’ He thus limits himself 
to known high-grade deposits, estimated in 1946 by 
Gale Young of the University of Chicago as being 
equal to 3 min. sunlight equivalent.* Compare 
this with 15 days, the sunlight equivalent of the 
world’s known coal reserves. On the other hand, Mr. 
Young estimates that the energy extractable from 
all the uranium disseminated throughout the earth’s 
crust has a sunlight equivalent of 30,000 years! 
The following statements by David E. Lilien- 
thal, chairman, and John K. Gustafson, manager of 
raw materials operations, U. S. Atomic 


Energy 
Commission, at a Denver, 


conference in Dee. 17, 
1948, are therefore important :7 

[L.] Statements have been widely publicized 
that there is only enough uranium ore to last a 
relatively brief period. If these estimates of a 
short-lived atomie enterprise this 
would be very serious news. As explicitly as 
national security permits, the Atomic Energy Com- 
mission wishes to state that the contrary is true 

L| Let us look at the facts as they are avail 
able generally for making such estimates. Before 
the war, uranium was essentially a byproduct of 
radium or vanadium ore.t Man has just begun to 
look for uranium; some good prospects are turning 
up in Canada, to cite only one country 
few new important discoveries would 
world supply picture profoundly. 

L Another rule is that good mines die hard. 
The comparison of measurable ore reserves with 
rates of consumption at any time means very little 
in terms of future supply. The prophets of early 
exhaustion of petroleum and other nonreplaceable 
raw materials have found this out to their chagrin. 

L.|} One factor that obviously has not been 
taken into account in these pessimistic predictions 
about the uranium ore supply is our growing tech 
nology and its future application to low-grade 
sources of uranium. Most metals have gone, or are 
going through, a cycle where high-grade deposits 
are at first the only commercial deposits. Then 
gradually large low-grade deposits vield to man’s 
technical ingenuity and important 
ducers. Probably the handling 


were correct. 


Only a 


change the 


become 
record for 


pro- 
low- 


*“Sunlight equivalent” is a measure of energy 
representing the amount of the sun’s radiation reaching 
the earth in unit time. 


+Authorship is denoted by [L] and [G], respectively. 


t“Minerals Yearbook, 1942” reports 2,821,134 Ib. 
uranium oxide and salts imported 1938-1942 inclusive 
Figured as U,0O, this amounts to about 240 
uranium annually. 


tons of 


grade ores is the recovery of magnesium from the sea 
As for uranium, Sweden has already announced 
that she plans to recover uranium from oil shales. 
Another important potential low-grade source is the 
vold ores of the Witwatersrand containing low con 
centrations of uranium 

L| The Atomic Energy Commission ts respon- 
sible for one of the most extensive searches for a 
mineral that has ever been conducted, and on a 
world-wide basis. We do not expect that there will 
be an unlimited supply but there is no sound basis 
for a conclusion that usable uranium ore supplies 
will not be available for the indefinite future. 

G There are four major classes of uranium 
deposits which are being exploited now or will be 
exploited in the future: 

1. High-grade pitchblende-radium deposits (assay 
ing better than 1% uranium oxide). The better-known 
deposits are Eldorado in Canada and Shinkolobwe in 
the Belgian Congo (from both of which the United 
States obtains uranium), and deposits in the Erz Gebirge 
in Czechoslovakia 

2. Vanadium-uranium ores of the Colorado Plateau, 
apparently important only in this country, but at best 
quite inferior to the high-grade ores as a source of 
uranium. Ore acceptable at A.E.C. must contain a 
minimum of 0.106 uranium oxide 

3. Gold-uranium ores of the Witwatersrand, South 
Africa. The U. 8S. Geological Survey has been system- 
atically examining tailings dumps in this country to 
discover if similar byproduct possibilities exist. 

4. Oil shales and other marine sediments, including 
phosphatic beds. Swedish 
many millions of tons of with about 0.02% 
uranium oxide (These same geological formations 
extend northeastward up through Estonia.) 


shale 


‘*ore’’ 


deposits containing 


G}| The Colorado Plateau has been the only 
area in the United States actually producing ura 
nium (a byproduct from low-grade ore mined for 
vanadium There were five processing plants in 
the area, but three were closed near the end of the 
war. Since idle plants soon disintegrate and become 
useless, the Commission’s plan is to put them back 
into operation and attain the maximum production 
justified by existing ore reserves. The decision to 
undertake a rather extensive development and pro- 
duction program on the Colorado Plateau was based 
on a number of considerations: The use and 
servation of idle facilities; the conversion of under 
ground ore into finished product; and the develop 
ment of a domestic uranium mining industry ade 
quately staffed with experienced personnel which 
could be rapidly expanded in an emergency. Though 
production promises to be small in terms of over-all 
supply, it will be significant. 

G| In eight months the following has been 
accomplished: Buying guaranteeing 
increased prices for vanadium-uranium have 
been established. An ore-buying station has been 
opened. Contracts for the purchase of uranium 
from the two private plants now operating have 
been extended. By 1950 all five plants in the Colorado 
Plateau area should be in full operation. 


con- 


schedules, 


ores, 
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SAFE PRACTICES 





FOR LIQUEFIED 





PETROLEUM GAS 





— USE of liquefied petroleum 
gas is based primarily on engineering principles. 
While it is recognized that the human element 
enters into the handling and using of this as well 
as other fuels, nevertheless the maximum appli- 
cation of sound engineering can reduce the poten- 
tial hazards to a minimum. The committee on 
gases of the National Fire Protection Assoc. has 
issued “Standards for the Design, Installation and 
Construction of Containers and Pertinent Equip- 
ment for the Storage and Handling of Liquefied 
Petroleum Gases”. These have also been published 
as standards of the National Board of Fire Under- 
writers, and have been incorporated in large 
measure in state laws and municipal ordinances 
throughout the United States 

Liquefied petroleum gases coming from natural 
sources (that is, natural gasoline plants) consist 
generally of propane, isobutane, and normal butane 
with small amounts of ethane usually present. 
Liquefied petroleum gases coming from refinery 
sources have in addition to these products pro- 
pylene and butylenes, as well as small quantities 
of ethylene. Cycling condensate plants produce the 
same hydrocarbons as are derived from natural gas. 


Explosibility 


Frequently, reference is made to the greater 
explosibility or flammability of liquefied petroleum 
gas as compared to other commercial gases. In 
Table TL are given the limits of flammability of most 





By E. O. Mattocks 
Chemical Engineering Dept 
Phillips Petroleum Co. 
Bartlesville, Okla 





commercial fuel gases and several common hydro 
carbons included in liquefied petroleum gases. The 
limits represent the minimum and maximum per- 
centages of gas in air which will support com- 
bustion. It will be noted that the minimum lower 
limit of flammability for any gas is 14% for 
benzene. The next lower number, 1.7%, is for the 
butylenes — constituents of liquefied petroleum gas. 
The maximum higher limit is 74.2%, which is for 
both carbon monoxide and hydrogen, two major 
components in carbureted water gas. On the other 
hand the maximum higher limit for liquefied petro- 
leum gas is 11.1%, which is for propylene. Like- 
wise the maximum spread between the lower and 
higher limit for any one liquefied petroleum gas 
is 9.1% gas in air, which is for propylene 
Compared with these data the lower limit for 
natural gas is 4.8% gas in air and the upper limit 
is 14.6% a spread of 9.8%. Similarly the spread 
for carbureted water gas is 31.38%. It is obvious 
that the limits of flammability are less for liquefied 
petroleum gas than for other commercial fuel 
gases. It is true, however, that the lower limit 
for liquefied petroleum gases is lower than that for 
the other commercial fuel gases, which means that 
it requires less liquefied petroleum in air to reach 
the flammable range than for other commercial 


fuel gases 
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Storage 


Because liquefied petroleum gas can be con- 
verted and maintained as a liquid under moderate 
pressures (despite its low boiling points) it is 
so transported and stored. The gas industry has 
established that under normal storage conditions 
in large containers the liquid temperature will 
never exceed 100° F.; consequently the vapor pres- 
sure of the liquid at this temperature is used as 
the maximum working pressure in the design of 
containers. Since propane from refineries will 
contain varying percentages of propylene which 
has a vapor pressure at 100°F. of 213 psi. —as 
compared to propane vapor pressure at 100° F. of 
174 psi.—-the industry has established a maxi- 
mum vapor pressure at 100°F. of 200 psi. as 
representative of commercial propane. 

Table II contains design working pressure and 
a classification of storage containers. Experience 
has clearly demonstrated that containers designed 
and constructed according to the code requirements 
mentioned are amply safe. Railroad tank cars are 
designed in accordance with the Interstate Com- 
merce Commission’s and Assoc. of American Rail- 
roads’ specifications, while truck tanks and portable 
containers are designed according to the Interstate 
Commerce Commission’s requirements. 

Aboveground storage tanks are supported gen- 
erally on concrete piers. Frequently the question 
is raised as to the number of piers required. From 
a design standpoint, the storage container may be 


Table I — Characteristics of Fuel Gases 





BoILING 
POINT AT 
STANDARD 
PRESSURE 


LIMITS OF FLAMMABILITY 
. (% GAS IN Atr) 
GAS 


Lower Hicuer| Spreap 


Methane 259° F. | 5.00% |15.00% | 10.00 
Ethylene —155 2.75 }28.00 | 25.25 
Ethane 128 3.22 12.45 9.23 
Propylene —53.8 2.00 11.10 9.10 
Propane 43.7 2.37 9.50 6.13 
Butylenes 1.70 9.00 7.30 
Isobutane +10.9 1.80 8.44 6.64 
n-Butane +31.1 1.2 8.41 6.55 
Natural gas 4.8 14.60 9.80 
Coal gas 5.60 30.8 25.2 
Carbureted 

water gas 6.40 37.70 31. 
Carbon 

monoxide —314 12.50 74. 
Hydrogen 423 4.00 
Benzene 1.41 











dished ends, a strain-gage study made by a large 
tank fabricator indicated that if the piers are 
located one quarter of the length from the end 
they do not produce excessive stresses in the tank. 
If more than two piers are employed they must 
be maintained in absolutely perfect alignment 
which is almost impossible). Thus the use of 
more than two piers may actually cause an 
excessive amount of the weight to be carried by 
one high pier, thus creating a potential hazard. 

Experience has shown that liquefied petroleum 


considered as a beam if the tank has been con- gas is not corrosive to the interior of storage con- 
structed by fusion welding. The beam is adequately 
supported if only two piers are used. While from 
a theoretical standpoint it appears desirable to 
place the piers as close to the ends as possible, 
in order to secure the reinforcing effect of the 


tainers. Likewise any exterior corrosion of above- 
ground containers can be controlled or eliminated 
by proper painting. Therefore allowance for cor- 
rosion is not considered necessary in the design 
of such tanks 
Storage containers are equipped with 
spring-loaded relief devices to take care ot 
Table Il — Design Working Pressure and Classification 
of Storage Containers 
(Pressures in Psi., Gage) 


an emergency. Since the tank is designed 
for the maximum vapor pressure expected 
to be encountered due to the heating of 





. the contents from atmospheric conditions, 
MINIMUM DesI1GN WorkKING PRESSURE 


the primary purpose of relief valves is to 
MAXIMUM 7 ; ; : 
A.S.M.E. A.S.M.E. 
Cont Cope 
PRESSURE* U-68 U-200 


U-69 U-201 


CONTAINER 
TYPE 


LPI relieve pressure in the event of an exterior 
SM E fire. To insure the correct sizing and 


GASEOUS 


Cove operation of relief valves, they are flow- 
tested by the Underwriters’ Laboratories. 
100 100 100 113 125 
125 125 125 141 156 
150 “150 150 169 187 
175 175 175 197 219 
200 200 200 225 250 


Relief valves are set to start to discharge 
at a pressure between 100 and 125% of the 
design working pressure for A.S.M.E. U-68 
and U-69 containers, between 90 and 100% 
of the design working pressure for A.S.M.E 
U-200 and U-201 containers, and between 
80 and 100% for A.P.1.-A.S.M.E. containers, 











*Vapor pressure of stored gases not to exceed this gage 
pressure at 100° F, 
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Liquefied petroleum gas (propane or butane) has long 


been used by the metal industry asa fuel 


or stand-by—and as controlled atmospheres for treating 


furnaces. 


either primary 


When the storage, distribution and control 


All openings in containers (except 
relief valves, gaging devices, and fill- 
ing connections) are equipped with 
excess flow valves of the “slug” type. 


The slug or valve is held open against 


system is properly engineered, undue hazards from large the direction of flow by a spring. 


amounts of volatile combustibles are avoided. 


to all who work around liquefied fuels —either as a check- 


list for periodic inspection, or as directions for emergency the 


action after a human or mechanical failure 
trouble. 


This brief 
account of safe practices by Mr. Mattocks will be of help 


has caused 


When the flow past this slug is suffi- 
cient to create a pressure differential 
equal to or greater than the force of 
the spring, the flowing material closes 
valve in other words, it will 
close when the flow is less than the 
capacity of the line and _ fittings 
beyond it. Thus, if the line were 
ruptured, the escaping material would 





and to secure the maximum required rate of flow 
at a pressure of 120° of the maximum permitted 
start-to-discharge pressure. Under this condition 
of maximum flow the minimum factor of safety 
in the joints of any vessel constructed according 
to these codes is never less than 3.3. Such setting 
of relief valves is in effect equivalent to setting 
the start-to-discharge pressure at less than the 
design working pressure for vessels constructed 
with a factor of safety of four. 

It is necessary to use soft seats or soft sealing 
rings in relief valves to prevent leakage until the 
valve is called upon to open. Metal-to-metal seats 
might create a potential hazard from slight leakage 
which might develop especially after the valves 
have been in service for some time 


close the excess flow valve, thereby 
reducing the quantity of material lost 
to that contained within the broken 
line. A small drill hole in the slug permits gas 
pressure to build up on the downstream side until 
it is equivalent to the force of the spring, where- 
upon the valve will again open. 

Before an installation is placed in service it is 
desirable to pressure the tank with air at 50 to 
100 psi. While under this pressure the entire 
system should be tested for leaks. Likewise all 
the excess flow valves and the various regulators 
should be tested to insure their operation. 

It does not appear necessary to remove the 
small amount of air remaining in the tank after 
the pressure is reduced to atmospheric For 
example, take a 30,000-gal. tank full of air at 
atmospheric pressure. The first propane introduced 
into the tank will be completely vaporized. After 
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slightly less than 2 gal. of propane has entered, 
the lower limit of flammability would be reached 
assuming the vapors were uniformly distributed 
throughout the tank. After approximately 11 gal. 
of liquid have entered (a matter of seconds), the 
upper flammable limit would have been exceeded. 
Although one can hardly imagine how this air-gas 
mixture inside the tank could become ignited, if 
it did, the resulting pressure generally would be 
insufficient to operate the relief valves. 


Evaporation of Liquefied Petroleum Gas 


The primary use of liquefied petroleum gas in 
industry is for fuel. Its major advantages are a 
high heating value and a high specific gravity. It 
may be withdrawn in vapor form from the top of 
the storage container, after which it is passed 
through the necessary regulating equipment to 
reduce the pressure to that desired. Since it is 
generally a mixture of several gases which boil at 
different temperatures, there is a tendency for the 
lower boiling point materials to vaporize first. 
The heating value of the gas initially withdrawn 
will therefore be somewhat different from the 
heating value of the gas withdrawn later. 

When vapor is withdrawn from a partly-filled 
container it is replaced with vaporized liquid in 
the container. Change from liquid to vapor 
requires heat, and this is secured from the remain- 
ing liquid in the container, from the container 
walls, and eventually from the air surrounding the 
container. If vapor is withdrawn at too rapid a 
rate the pressure in the container may fall below 
a working pressure necessary to move the gas 
through the distribution system. Under such con- 
ditions, ice is likely to form on the outside of 
the tank; this indicates the high demand for heat 
to vaporize liquid. Actually, the liquid temper- 
ature has been reduced below the freezing point 
of water.) 

While the maximum desirable rate of vapor 
withdrawal from a storage tank depends upon the 
atmospheric conditions, the size and shape of the 
storage tank, and the quantity of material in the 
container, it is generally inadvisable to try to with- 
draw in any month more vapor than would come 
from a container full of liquid. 

For large gas demands, or when the stored 
liquid petroleum gas consists of a mixture of gases, 
it is advisable to withdraw liquid as such and 
vaporize it in a separately heated vaporizer, heated 
by a separate medium such as steam or hot water 
Proper precautions are necessary to prevent liquid 
from passing over into the gas system. Likewise, 
it is necessary to provide a separate relief valve 
for each vaporizet 


Fire Protection 


Fire precautions are similar to those required 
for any other commercial gas. It should be remem- 
bered, however, that the gas (even when premixed 
with air) is heavier than air and seeks cellars o1 
low spots in the terrain. Likewise, that its lower 
flammable limit is lower than for other commer- 
cial gases. It is possible, therefore, for the gas 
to hang closer to the flogr and form a flammable 
mixture sooner than most other fuel gases. 

If a gas leak develops, every effort should be 
made first to remove all sources of ignition within 
a reasonable distance. Next, dissipate the gas into 
the air by increasing the circulation 

If gas from a leak is ignited, the first major 
decision is to determine whether the fire should be 
extinguished or merely controlled. If it appears 
possible to stop the gas leakage by closing a valve, 
the fire may be extinguished in the minimum time. 
On the other hand, if it appears uncertain or 
doubtful that the source of leakage can be stopped, 
the fire may be controlled without attempting to 
extinguish it until the gas has been completely 
consumed. It should be remembered that, in gen- 
eral, a fire is controllable within certain limits 
while an explosion is not controllable and may 
result in a great deal more damage 

If a gas fire occurs near a liquid storage con 
tainer the prime consideration should be to stop 
the leakage. If a fire from any cause is of sufficient 
magnitude to heat the tank, it is desirable to play 
water on the tank to keep it cool. Since the relief 
valves on a storage container will close when the 
pressure in the tank is reduced somewhat below 
the valves’ popping pressure, no attempts should 
be made to extinguish any fire which might be 
burning at the outlet of the relief valve risers 
Effort should be directed entirely to controlling 
the fire around the tank, since this is what causes 
the relief valves to operate 

It appears desirable to have first-aid fire 
extinguishers handy at all points where there is a 
possibility of leakage. First-aid fire extinguishers 
of the dry-powder type have certain advantages 
over the carbon dioxide type. Both, however, are 
very useful in controlling and extinguishing small 
fires. For large fires, water fog is probably best 

Years of experience have indicated that lique- 
fied petroleum gas may be stored, handled and 
used with the utmost safety if proper engineering 
standards are adhered to and the precautions 
necessary to the handling of any fuel gas are 
taken. Evidence of this high degree of safety is 
given by the largely increased use of liquefied 
petroleum gas by industry in the past few years. @ 
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ELECTRIC FURNACE 





STEEL CONFERENCE 





ine TECHNICAL MEETING 
which today brings together those interested in 
steelmaking generally includes in its program a 
This pattern 
was evident at the Sixth Annual Electric Furnace 
Steel Conference, sponsored by the Electric Fur- 


discussion of metallurgical oxygen. 


nace Steel Committee of the American Institute of 
Mining and Metallurgical Engineers, held at 
Pittsburgh early in December. Of special interest 
to the producers of steel castings by the acid elec- 
tric process were sessions on the use of oxygen 
in steel melting and on the use of complex 
deoxidizers. 


Oxygen in Steelmaking 


Clyde H. Wyman, metallurgist for Burnside 
Steel Foundries, reported tests on 100 closely con- 
trolled heats made in a 5-ton furnace. Using 
injection periods of two to three minutes, 7.7 
points of carbon were removed per minute when 
20 cu.ft. of oxygen were introduced per minute 
by means of a lance. The over-all economies were 
reported to be $0.99 per ton. R. H. Jacoby, 
metallurgist for the Key Co., and R. J. Wilcox, 
technical director of Michigan Steel Casting Co.., 
likewise indicated a decided cost advantage con- 
nected with the use of the gas instead of ore for 
reducing carbon in the melt. The savings accrue 
from decreased power consumption, shorter heats, 
and conservation of ferro-alloys and deoxidizers. 
Added advantages are higher metal temperatures, 
better castability, and closer control of the whole 
operation. The most serious objection to the use 
of oxygen appears to be the heavy fumes pro- 


duced; varying degrees of success in disposing of 
such smoke are being encountered. 

Operators of basic furnaces had further intfor- 
mation to report on the use of oxygen in the manu- 
facture of stainless, alloy, and carbon grades. J. E. 
Harrod, assistant superintendent of electric fur- 
naces for Carnegie-Illinois Steel Corp. in Chicago, 
cited the advantages of a greater use of stainless 
and high chromium scrap, better control of chro- 
mium analysis, and the elimination of rising 
ingots in stainless manufacture. In the manufac- 
ture of alloy and rimming grades, the use of oxy- 
gen resulted in faster carbon reduction, positive 
control of carbon content, greater recoveries of 
manganese and chromium, and improved rimming 
action. <A. C. 
electric furnaces for Carnegie-Illinois Steel Corp. in 
Duquesne, verified Mr. Harrod’s results with data 
from his own shop and pointed out the effective 
use of the heat produced by oxygen injection in 
finishing heats by oxygen alone in the event of a 
sudden power failure. 


Ogan, assistant superintendent of 


On a more fundamental plane were papers by 
D. C. Hilty, research engineer for Union Carbide 
and Carbon Research Laboratories, and Dennis 
Carney and associates at Massachusetts Institute 
of Technology. The former presented an excellent 
experimental investigation of the relation between 
carbon and chromium in the refining of chromium 
steel. The study showed that the most probable 
reaction is 

CrO (saturated, in slag) + C = Cr + CO 

where C and Cr indicate that the elements are in 
solution in the iron. A wide range of compositions 
was investigated and the effect of temperature on 
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the reaction was determined; the pre- 
printed paper must be consulted for details. 

Mr. Carney’s paper, “An Introduction 
to Gases in Steel”, reviewed the effects of 
temperature, pressure, state of the metal, 
and alloying elements on the solubility of 
gases in metals. The effect of water vapor 
in increasing the solubility of hydrogen in 
metals (in a manner analogous to the 
introduction of nitrogen by ammonia) was 
treated thermodynamically. During the 
active discussion period, data, supported 
by quantitative hydrogen analyses, were 
presented by five or six speakers, which 
emphasized the deleterious effect of hydro- 
gen content on the ductility of steels. 
The lost ductility, fortunately, can be 
restored by aging treatments which elim- 
inate hydrogen. 


Complex I dizers 


When is a deoxidizer complex? After 
some discussion the speakers agreed that 
a complex deoxidizer is one which contains 
two or more deoxidizing elements in 
significant quantities. What is a significant 
quantity? That a relatively small amount 
of deoxidizer can be significant was pointed 
out by G. A. Lillieqvist, research director 
of American Steel Foundries. For example, 
steel! heats deoxidized with 99% silicon 
metal led to castings exhibiting a charac- 
teristic pinhole defect, whereas the same 
steels deoxidized with 75% ferrosilicon 
produced a sound product. This results 
from the fact that the ferro-alloy contains 
1.5% of aluminum and thereby supplies 
about the amount needed to suppress gas- 
siness. Mr. Lillieqvist also demonstrated 
that the rate of cooling of steels deoxidized 
with the normal amount of aluminum has 
a profound effect on the type of inclusion 
produced; a greater amovnt of the unde- 
sirable Type II inclusion is produced at 
faster cooling rates. 

H. A. Young, of Crane Co., and E. 
Eubanks, chief metallurgist for Ohio Steel 
Foundry Co., found, after studies of vari- 
ous deoxidizers and mixtures of them, 
that no outstanding steel resulted from 
any particular prescription tested. Alumi- 
num was always required to prevent pin- 
holes; in other respects the type of 
deoxidation was unimportant as long as 
actual deoxidation resulted. John N. 


Photo by Henry M. May 
Ludwig, Jr., metallurgist for Electro Metal- 
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lurgical Co., in a paper primarily concerned with 
the calcium-containing deoxidizers, showed that 
calcium-silicon will reduce the oxygen content of 
steels to lower values than will 50% ferrosilicon, 
and that an important function of calcium-silicon 
is in changing the type of oxide inclusion from 
the stringer to a less harmful globular type. The 
apparent inconsistencies reported in the use of 
calcium-silicon are, in his opinion, caused by 
an insufficient study of the problem of determining 
modifications in practice necessary to produce 
consistently good results. 


Safe Practices 


A session on “Safety in the Melt Shop” fea- 
tured papers by F. W. Brooke, vice-president of 
Swindell-Dressler Corp., W. F. Hitchcock, special 
engineer for Carnegie-Illinois Steel Corp., and R. C. 
Lake, of R. V. Cooper Co. Since secondary voltages 
have increased from 90 to 450 volts in the past few 
years, the electrical hazards associated with elec- 
tric furnace operation have increased markedly. 
The tangible measures of protection, such as 
guards, protective clothing, inspection, and good 
housekeeping, are of great value in preventing 
accidents, but the important factor in safety is the 
intangible 
often neglected. 


education of personnel which is 


The “Kellogg Process” 


The progress that has been made by M. W. 
Kellogg Co. in the past few years in the develop- 
ment of machines for the production of composite 
materials and ingots by electric fusion was 
reviewed by R. K. Hopkins, manager of the firm’s 
electric products department. After failures in 
attempts to produce clad metals by melting a num- 
ber of alloy weld rods onto the surface of a carbon 
steel plate, a process was evolved in which elec- 
trodes of plain carbon steel wire are supplemented 
by tubular steel electrodes whose purpose is to 
produce the proper composition in the applied 
layer. By means of intricate metering devices 
ferro-alloys are fed through the tubular electrodes 
in the correct proportions. The sole purpose of 
the carbon steel electrodes is to fuse the surface of 
the carbon steel slab; this is done below a blanket 
of protective flux. The process is said to have 
great adaptability and is able to produce almost 
any desired analysis, the only limitation being 
that the cladding must be one carrying a reason- 
able amount of iron (since about 25% is picked 
up from the carbon steel slab). Many pressure 
vessels lined with austenitic alloys have been 
in service with no failure being attributed to any 


stress condition arising at the bonded alloy layer. 

It was a natural step from a cladding process 
to the production of alloy steel ingots by electric 
fusion. The alloy making portion of the cladding 
process, when separated from the rest, contributes 
an ingot making method apparently having many 
advantages. The process is truly a continuous 
melting and casting method by means of which 
ingots of appropriate lengths can be produced. 
Since the ingots are literally pipeless, the entire 
weight can be used. An essential raw material is 
steel strip, supplied in coils, which is continuously 
formed into a tubular electrode through which the 
alloying elements may be added. As the electrode 
melts, the ingot mold is lowered slowly from the 
machine. The metal freezes at approximately the 
rate at which it is added, whereby ingots essen- 
tially free of primary and secondary pipe are 
produced. 

Kellogs’s electric hot-top process is a modi- 
fication of the electric ingot process outlined above, 
and involves supplying heat at the top of metal 
teemed in an ingot mold, while the metal is cov- 
ered with flux, to promote solidification of the 
teemed metal with a minimum formation of 
defects due to shrinkage. The heat is generated 
by discharge of electric current from the end of a 
nonconsumable electrode submerged in the flux. 
Attention was directed to the high yields obtained 
at a cost about the same as the operating cost 
using refractory hot tops.* 


Elements of Steelmaking 


The third annual Educational Series was 
devoted to the elementary principles in making an 
electric furnace heat. Two motion pictures pre- 
sented by Allegheny Ludlum Steel Corp. portrayed 
the sequence of manufacturing operations, while 
the more important details of furnace care and 
maintenance, charging, testing, tapping and pour- 
ing were discussed by W. M. Farnsworth, assistant 
district manager of Republic Steel Corp. George 
E. Wagner, of Carnegie-Illinois Steel Corp., pre- 
sented a detailed account of a method of calculat- 
ing the charge for a stainless steel heat The 
educational session was topped off by a question 
period during which queries were fired at a panel 
of experts, who, incidentally, proved themselves to 


be just that. i) 


*Epiror’s NOTE I quote “Critical Points” for 
January 1945, p. 108: “Unusually high solidification 
shrinkage in really dead melted monel metal ingots is 
counteracted by playing a single-phase arc on top the 
half-frozen ingot, thus producing a veritable hot top 
to feed the central pipe. Before this practice was 
instituted, more than a generation ago, the top discard 


would be 25%: now it is 5 or less.” 
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A PROPOSAL 





FOR RESEARCH 





IN METALLURGY 





a IS ALL TOO TRUE that many 
metallurgists labor under the basic assumption 
that research in metals must be “practical”. That 
idea, if not inculeated into them at college, was 
acquired in the business organization to which 
they happen to belong. 

Almost without exception, men in charge of 
industries have quite definite ideas in that direc- 
tion. Money can be spent on research only when 
it can bring increased profits within a reasonable 
time. (Now and then they spend money on some- 
thing that means plenty of fun, such as the con- 
struction of a 200-in. telescope.) On the othe 
hand, who would consider studying intently a 
metal like silver? Our precise knowledge about it 
amounts to very little. We do not even know, 
accurately, how silver changes its dimensions 
from near the absolute zero to its melting point. 
But will anyone suggest that this problem should 
be studied at the expense of, let’s say, $20,000? 
Will it help to sell more silver at a better price? 
Will it be a lot of fun to see a carefully drawn 
diagram (and an equation describing the size 
changes) with a precision of 0.1%? 

The answer is a definite NO. 

The problem of the thermal expansion of 
silver was cited merely because it is a somewhat 
rare industrial metal. But I must go further and 
say that there is not a single metal in existence or 
use whose physical characteristics are accurately 
known not even iron, whose American con- 
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sumption amounts to far more than 5 billion 
per year. Why? The same answer applies 
More accurate physical data do not guarantee 
better steel, or more steel, or higher prices 
As to fun 
the man of business might get fun f.om looking 
at a streamlined train built of stainless steel, but 
never from an equation describing the electrical 
conductivity of iron at various temperatures. He 
must not be blamed; he is just built that way 
Otherwise he could not be making money and so 
could not support such research anyway! 
Consequently, I consider it justified to state 
that a systematic accumulation of scientific data 


hence cannot bring in any profits. 


and ideas even about metals must not be 
considered from the viewpoint of “practicality” 
or “fun”. It may never bring back dollars and 
cents except by devious and obscure routes. It 
will never be as exciting as a football game. But 
the nation as a whole should spend in the task 
of scientific research many times more than it 
spends for exciting things. For what? Just for 
knowledge’s sake! No other reason is needed, 
because, in the absence of that knowledge about 
metals, we shall never have a true metallurgical 
science we must be content with a mere art. 

The analytical reader may say, after he has 
read thus far, “These statements infer that the 
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present large expenditures for research by American 
industry are inadequate, and that the Government 
must supplement these spendings greatly.” That 
is exactly the conclusion reached by the Presi- 
dent’s Scientific Research Board.* This group 
estimated that in 1947 the American expenditures 
for research and development were about as 
follows: 

By industry 

By universities and others 

By War Dept. 

By other governmental departments 

(including nuclear research) 


$450 million 
85 million 
500 million 


125 million 
Total (of which 10% was classed 


as basic research) $1160 million 


The Board considered that this expenditure 
for research was insufficient in proportion to our 
national income and in view of the rapid advances 
in industry and science. It recommended that 
annual expenditures for research be increased, by 
Governmental appropriation and control, if neces- 
sary, until it equaled 1% of the national income 
by 1957 roughly $2 billion for research, basic 
and industrial. It also recommended that expend- 
itures for basic research be stepped up so that, by 
1957, the annual investment would be $450 million. 
This, of course, would include basic researches 
into all the sciences, and thus give us a _ solid 
foundation for future advances, both in science 
and technical applications (industry). Of this 
$450 million annually one might assume that the 
science of metals might rightly ask for $20 million 
each year. 

What can be done with $20,000,000 per year 
or $200 million in a ten-year program) ? 


Getting Started 


In order to start studying metals we must 
obtain a proper supply of them in the state of the 
highest purity, preferably of spectroscopic degree 
and at any rate not lower than 99.99%. Purity 
must not be chemical only. There should be no 
absorbed gases and no intergranular shrinkage. 

In order to get such metals, we must build 
some large-scale laboratories —— really pilot smellt- 
ing and refining plants and loaning institutions 
devoted strictly to pure metals. I think that at 
least three such institutions should be created, so 
that the same metal could be obtained from differ- 
ent sources. If one laboratory would fail to obtain 
These 
laboratories should be parallel not chain 


the purity needed, another might do it. 


institutions. Each should be able to produce in 


*See “Science and Public Policy a Program for 
the Nation”, a report to the President of the United 
States dated Aug. 27, 1947. 


due time the needed amount of any metal desired. 

What should be that amount? I think that, 
even in the case of a metal as expensive as 
platinum or iridium, at least two tons should be 
prépared. Such quantities are certainly available 
in a technically pure state. Purified they might 
cost $10 million for the platinum, perhaps $20 
million for the iridium. Most metals will be much 
cheaper; a supply of ten tons of high-purity iron 
probably would not cost more than one or two 
million dollars. $100 million spread over a period 
of ten years will probably cover the expenses 
involved in getting the proper amounts of all 
metals than can be had at present. 


Program of Research 


Compressibility —- Everyone who has come to 
grips with the problem of elasticity knows about 
the experimental difficulty of providing strictly 
unidirectional loading. It is strange, therefore, 
that only one American scientist, P. W. Bridgman 
of Harvard, has paid much attention to the alter- 
native — namely, studying metal under a uniform 

three-directional) pressure. A_ well-financed, 
comprehensive study could go far beyond Bridg- 
man’s achievements, both in degree of compres- 
sion, purity of metals tested, and in accuracy. 

Compressibilities must be determined with a 
high degree of precision at least 0.1% correct 

for four temperature points, such as —100° C., 
zero, +100 and 200°C. Such four points might 
permit us to extrapolate both up and down and 
to develop a reasonable idea of the magnitude of 
internal forces reigning in the lattices of metals 
and of their changes with temperature. This, in 
turn, will permit us to obtain the amount of stress 
induced by raising the temperature in different 
substances a single degree for temperature is 
nothing else but stress. 

Again I shall maintain that the task of the 
systematic study of compressibilities should not 
be confined to a single institution. At least three 
should operate continuously and independently 
This is the only way to escape from the indefinite 
effects of human errors and foibles. 

I have no accurate idea as to the cost of 
installation needed, and I surmise only that Pro- 
fessor Bridgman hardly spent as much as $300,000 
during the 30-odd years he spent in the accumu- 
lation and analysis of his data. But I am certain 
that his apparatus could stand a lot of improve 
ment and be greatly increased in size to yield a 
Perhaps $1,000,000 per lab- 
oratory would equip each of them with the five 
or six experimental setups needed to do the work 
with substantial speed. An appropriation of 


higher precision. 
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$2,000,000 or $3,000,000 for each, spread over a 
term of ten years, would undoubtedly cover all 
running expenses. In short, spending a total of 
about $12 million would suffice to acquire data on 
the compressibilities of the pure metals and prob- 
ably of some selected alloys. 

Specific Volumes— Few metallurgists and 
physicists are aware that our knowledge of specific 
gravities of the elementary metals is lamentably 
poor. Even for the common metals we do not 
know it with a precision much better than 0.3%. 
The specific gravity of iron is hardly known with 
a precision of 0.6%. It is also well known that 
the densities derived from direct weighing and 
from X-ray reflection spectras are never identical 
within the limits of experimental error. Further- 
more, there is apparently a definite and mono- 
directional margin of 05 to 10% between 
densities measured on large samples by the dis- 
placement method and of very small samples 
weighed in the pycnometer. 

These discrepancies may be the effects of 
surface forces, and one could hardly predict what 
basic information could be acquired by such com- 
parative studies concerning the statistical average 
of lattice parameters in the shallow surface layers 
(X-ray densities), and the interatomic forces 
responsible for the discrepancies. The accurate 
study of specific gravity should also have a con- 
siderable effect upon our knowledge of the effects 
of plastic deformations. It is ordinarily assumed 
that the specific gravity hardly changes at all 
between the fully annealed and the heavily cold 
worked state. Here again a certain error of judg- 
ment has crept in, for a cube might be distorted 
into a prism without suffering much of a volume 
change. Therefore, the parallel study of gravities 
and of dimensional changes due to annealing 
might increase our knowledge about plastic dis- 
tortion of the lattice. Laboratories to study these 
problems could also properly handle the next: 

Thermal Expansion 
ities (more exactly ‘ 


Studying specific grav- 
‘specific volumes”) would not 
entail a great expense. On the contrary the proper 
study of thermal expansions might be quite expen- 
sive. We have today fine instruments capable of 
producing rather precise data on wires through 
a considerable range of temperatures. Some cost 
about $4000. But they are by no means the acme 
of precision and their temperature ranges are not 
wide enough. Suppose that a proper instrument, 
operating in a neutral gas in any reasonable tem- 
perature range and permitting an extremely fine 
regulation, would cost $50,000. Suppose three lab- 
oratories equipped with ten setups each and a staff 
of 25 to 30 persons to supervise, run and record 
the data. The total cost of installation and run- 


ning the three laboratories for acquiring data on 
specific gravity and thermal expansion might 
reach $8 million over a period of ten years. 

Electrical Conductivities—- Much of the data 
in this field is 50 years old. The researchers did 
not work with really pure materials, nor did they 
have the proper equipment and the proper help. 
Some of those old data are still of considerable 
value for the industry, but they are hopelessly 
antiquated for present-day science. Conductivities 
must be remeasured taking into account the effects 
of both pressure and temperature. 

Three laboratories operating for the period of 
ten years might make a sweeping study of the 
problem of electrical conductivity from near abso- 
lute zero to the melting points of most metals, 
or at least up to 1000°C. Using machines dupli- 
cating those used for compressibility testing with 
certain modifications we might obtain the com 
bined effects of pressure up to perhaps 100,000 
kg. per sq.cm. and of temperatures from —100 to 
+200°C. The cost should not exceed $30 million. 

Magnetic Susceptibilities—-The problems are 
considerably more complicated in the realm of 
magnetic characteristics. Susceptibilities at ordi- 
nary temperatures and on standard samples might 
be readily found and rapidly completed. How- 
ever, some characteristics are quite sensitive to 
shape and size, and they certainly are most sen- 
sitive to temperature. Besides, the experimentally 
obtainable values of susceptibility represent small 
fractions carrying very few valid digits, except for 
the magnetic metals and alloys. This field remains 
too obscure, and I shall merely mention the 
necessity of organizing a systematic investigation 
I think that $3 million might cover the cost. 

Work function is the energy required for the 
photo-electric removal of one electron from the 
atom on the surface of a given element. The 
fundamental requirements of the technique of 
measurement are reasonably well known; it is 
essentially a matter of finance to make the meas- 
urements under satisfactory conditions. The 
instruments needed require a high degree of 
refinement but are neither ponderous nor hard 
to operate. The study is most fascinating and 
could be done in a number of institutions at a 
modest expense. Three million dollars might 
suffice to equip ten laboratories properly for photo- 
electric studies and an analogous amount would 
keep them running for ten years. 

Heat Content — In this field we compute the 
amount of heat change taking place within a 
certain range of temperatures. This change of 
heat content must be considered as balancing the 
energy changes occurring in all regions of the 
atom. Near the absolute zero, matter contains 
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no disposable heat and must stand in a specific 
equilibrium with the forces in and around it. 
Its characteristics at that point are the funda- 
mental features. Above that point they undergo 
changes that should be expressible in the simplest 
manner as functions of the heat content. 

All this goes to say that the precise deter- 
mination of the heat content should form a sub- 
stantial part of the fundamental research. It is 
rather unfortunate that hardly any systematic 
experimentation in that direction has taken place 
in the United States until these postwar years. 
It was being done in Holland, England and Canada, 
but rather sporadically, whenever a little money 
and some graduate students were available. 

The difficulties besetting the research in the 
heat content are very great. No matter how rapid 
the operation, the temperatures of the body 
studied and of the calorimeter suffer unavoidable 
extraneous changes so that neither of the meas- 
ured temperatures is likely to be true to 0.1%. 
On the other hand, the heat content must be 
known with a precision of at least 0.01% if we 
wish to obtain a reliable functional relationship 
between it and the other characteristics of matter. 

We may rest sure, however, that our men of 
science and technicians can find the proper meth- 
ods if given a chance. I think that if we grant 
$50,000 for the construction of each calorimetric 
setup the problem will be solved. And again, 
three specialized institutions each equipped with 
five to ten such sets and working for ten years 
could produce all the data which might be used. 
Five to six million dollars would cover the 
expenses of that work. 

Electrochemical and Contact Potentials —— Quite 
ticklish, but fortunately no extreme precision will 
be needed because both features are surface char- 
acteristics. A precision of 0.1° might easily be 
The setups cannot be very costly 
and the work could be quite rapid. I would esti- 
mate that the expenditure of $1,000,000 in ten 


satisfactory. 


years or earlier (as soon as the purified metals 
are available even in small quantities) should pro- 
duce all the data needed. 

Monodirectional and bidirectional stress is the 
last item in the program. The problem is how to 
organize the examination of metals in plain ten- 


sion (and in plain tension plus internal pressure) 
so as to obtain something better than crude 


approximations. The minimum diameter of test 
bar for such scientific work should be about 4 in. 
with a 10-in. gage length. At least three high- 
precision recording tensometers should be used to 
register elastic elongations and three others for the 
elastic contraction. At least two photographic 
recorders should be used to register the deforma- 


tions occurring in the plastic range. Provision 
should be made for accurate study at temperatures 
considerably above and below the ambient. Hollow 
specimens of the same outside diameter and 3 in. 
inside diameter could be used to examine the 
effects of the radial pressure. 

That’s why I suggest that the purifying lab- 
oratories should be capable of preparing on a large 
scale (one or two tons at least) even such expensive 
metals as platinum and iridium. Of course, such 
metals need not be scrapped — merely loaned until 
the particular investigation is completed. 

Machines that could be used for tensile experi- 
ments already exist. The load capacities will run 
up to 1,000,000 Ib. The measuring instruments, 
however, must still be developed. But, the prin- 
ciples being known, the task could not be difficult. 
Thirty setups distributed between three laborato- 
ries would cost about $6 million and the cost of 
running them for ten years should not go above 
$24 million. 


The Total Cost 


While these figures are not taken from the 
blue sky, they cannot pretend to indicate more 
than the order of the magnitudes involved 


1. Preparation of large amounts of 
purified metals (about 70 items) 
in three or more specific phys 
ical states $100 million 
Compressibility research 12 million 
Specific gravity and thermal 
expansion § million 
million 
million 
million 


Electrical conductivity 
Thermal conductivity 
Magnetic susceptibility 
Photo-electric effect i million 
Heat content > million 
Electrochemical and contact 
potentials 

Monodirectional and bidirectional 
stressing, plus plasticity 30 million 


million 


Total cost about $200 million 


Of this amount one third probably would have 
to be spent on instrumental equipment at the start; 
the balance will be spent at the rate of $13 million 
per vear 

These figures might seem outrageous. Normally 
a metallurgist has quite a time explaining to the 
treasurer why he needs a microscope and auxil- 
iaries at a cost of $5000 and a spectrograph at 
$8000. If we bear in mind, however, the reasoned 
conclusion of the Research Board mentioned earlier 
that $2 billion should be spent on research every 
year, a matter of $20 million should not be too 
much to appropriate for the study of these metallic 
materials, so important to our well-being. i) 
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CORRESPONDENCE 





The Designation of Phases 
in Alloy Systems 


PHILADELPHIA 
To the Readers of Meta. ProGress: 

While attending the recent presentation and 
discussion of a paper devoted to the phase dia- 
gram of the cobalt-chromium system, I was 
impressed with the desirability of standardizing 
the designations of phases in all alloy phase dia- 
grams. In the cobalt-chromium system, for exam 
ple, there is a compound Co,Cr, to which the 
designation y is given. This phase has a crystal 
structure identical with, and physical properties 
similar to, the FeCr phase in the iron-chromium 
system, to which the designation o has been given. 
In the iron-vanadium system, this same crystalline 
phase is designated ¢«. Such useless disagreement 
appears among systems too numerous and well 
known to require detailing here. If the phase 
designations were standardized according to crys- 
talline form, it would be a long step toward 
clarification 

\pparently the nearest approach to a system 
has been that of designating phases consecutively 
from left to right with letters of the Greek alpha- 
bet. The convenience and desirability of a uniform 
system of designations based on structure is obvi 
ous. The practicability of such standardization 
would depend on the willingness of those inter- 
ested to cooperate. It is recognized that it would 
tuke a long time, if a change were made, to educate 
metallurgists to abandon familiar terms such as 
B-brass and a-iron. The transition need not 
involve such steps. Were a table of standard 
designations adopted, such designations could 
appear between parentheses after the ones custom- 
arily used. 
Greek letters. 


The new designations need not be 

They could be Arabic or Roman 
numerals, or English letters. Idealized, the sug- 
gestion results in a table of three columns, the 


first giving the standard designation, the second 


its erystal structure, and the third its typical 
X-ray diffraction pattern. Phases having the same 
crystal structure would then be identified as a (1) 
in one diagram and, for example, y (1) in another, 
or a (a) in one and y (a) in another, and so on. 
This suggestion is perhaps oversimplified. But 
however complicated a system might result and 
it is difficult to imagine a very complicated one 

it would be an improvement on the present lack 
of system. 

The writer proposes the formation of an inter- 
national committee, composed of representatives 
of the interested technical societies, to undertake 
this work. The nucleus of this committee could 
be the A.S.M. Phase Diagram Committee, which 
was responsible for the compilation of diagrams 
in the 1948 edition of the “Metals Handbook”. 

Francis B. Foiey 
Chief Research Enginect 
The Midvale Co. 

Epiror’s Nore: In the article on p. 62 of this issue, 
there is further discussion about naming the phases 
n alloy systems. 


Calibration of ‘Testing Machines 
With a Proving Ring 


OTTAWA, ONT 

To the Readers of Mevar Progress 

I was interested to read, in the September 
issue of Metal Progress, D. H. Rowland’s descrip- 
tion of a method to facilitate the use of a proving 
ring under conditions where the general noise level 
is unduly high. The method suggested employs a 
cont:ct microphone, audio amplifier, and head 
pho: in order to render more precise the detec- 
tion of the correct buzzing intensity of the vibrat- 
ing reed. The same result may be achieved 
conveniently by the use of a standard medical 
stethoscope. The input end of this instrument can 
be held in contact with, or can be attached to, the 
body of the proving ring or a platen of the testing 
machine, and the definition obtained is very good 
The simplicity of this method is an obvious 
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advantage. I have seen it used successfully in 
industrial machine shops where the noise level 
was so high as to make oral communication 


dificult. R. C. A. THURSTON 


Metallurgical Engineer 
Canadian Bureau of Mines 


MUNHALL, PA 

To the Readers of Mevat ProGcress 

D. H. Rowland has presented a valuable 
adjunct to the use of proving rings. A suggestion 
is offered here that would add to the use of his 
device. In the calibration of testing machines it is 
extremely difficult to follow, by manipulation ot 
the micrometer, the slightly increasing load of the 
testing machine. Unless one has developed a 
“feel”, the tendency is either to lag or exceed the 
changing deformation of the ring, so that the end 
point is difficult to reproduce precisely. The 
attachment of an auxiliary thumb screw by means 
of a friction drive to the micrometer would 
greatly tacilitate this important part of the tech- 
nique. One type of ring requires the operator to 
estimate tenths of a division, thus providing 
another source of error. The use of an index with 
such a screw would eliminate this variable. 

SAMUEL GOLDBERG 


Associate Metallurgist 
U.S. Navy Metals Laboratory 


Alloying Elements in Steel — 1891 


CHICAGO 

To the Readers of MeTaL ProGress 

In connection with the articles on the develop- 
ment of alloy steel, published in the October issue 
of Metal Progress, it may be interesting to read 
some statements written 58 years ago by A. 
Bosmaer in his book “The Mechanical and Other 
Properties of Iron and Steel” (E. and F. N. Spon, 
London, 1891). 

The rest of this letter is a verbatim copy of 
Bosmaer’s text; the errors in grammar and spell- 
ing were in the original. 


ALUMINUM IN STEEL—The most important 
property of aluminum is its lowering the melting point 
of steel considerably; as yet this seems to be the only 
advantage of it, and even this is not made use of, on 
account of the high price of aluminum. Its use for 
steel making will remain what it is, i.e., practically not 
at all, unless its price becomes reduced to, at most, a 
tenth of what it is at present, or unless some remark- 
able property is discovered. Though more than one 
has tried to introduce aluminum for the manufacture 
of steel without blowholes, we doubt whether anyone 
will have success with it. 

Neither does aluminum decompose iron oxides, 


nor does Al,O, form easily fusible compounds with 
iron-manganese or silicon oxide. 

If it be true that 0.1 per cent aluminum lowers the 
melting point some 250° C., this would be a very useful 
property in dealing with chromium steels, tungsten 
steels, etc., but if this is not true we do not see any use 
for aluminum. 

COBALT — The metallurgical behavior of cobalt is 
quite similar to that of nickel, it being easily reduced, 
but oxidized with difficulty. 

The quantities of cobalt present in some ores is 
too little to give more than slight traces in the pig, and 
cobalt ores are too dear to be used purposely. 

Iron and cobalt unite easily. Bottons of 53 and 13 
per cent cobalt proved to be well molten, but not 
malleable. Alloys of cobalt with iron are said to be 
strongly magnetic. 

The price of cobalt being about ten times that of 
nickel, there will be hardly reason for experimenting 
with it, since an influence on steel different from that 
of nickel cannot be expected. 

MOLYBDENUM — Molybdenum is_ occasionally 
present in iron ores (Swedish ores); it has a particular 
affinity for silican and alumina, hence the whole of it 
will be found in the cinder. Impure alloys of molyb- 
denum and iron have shown great resemblance to 
tungsten steels, but the pure metal being very costly 
there is little hope of its application. 

TITANIUM — Although Mushet himself was thor- 
oughly convinced of the beneficial effect of titanium 
on steel and iron that he took out 13 patents to pro- 
tect his invention; although others affirm titanium steel 
to be harder, stronger, and more ductile than other 
steel, titanium steel has not yet succeeded in making 
its way, and it is doubtful whether it will do so. 

Tuomas S. SIMMS 
Research Consultant in Metallurgy 
The John Crerar Library 


New Type of Metallurgical 
Microscope 


Lonvon, ENGLAND 

To the Readers of MevaL ProGress 

Photomicrographs at 500 diameters of metal 
surfaces at a bright red heat have been obtained 
successfully at Bristol University, England, utilizing 
In this instrument, con- 
cave and convex mirrors take the place of the 
conventional lenses. The technique was developed 
recently by C.R. Burch and K. W. Keohane, although 
the possibility of using a mirror pair as a micro- 


a reflecting microscope. 


scope objective has been recognized for many years 
The optical system is indicated by the cut in the 
next column. 

It was known that if spherical mirrors wer¢ 
used, a poor quality image was obtained unless one 
was content with a low numerical aperture and a 
large obstruction ratio. (The term “obstruction 
ratio” refers to the proportion of the large mirro1 
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that is necessarily obstructed by the small mirror. ) 
In the early part of this century, a German, 
Schwartzchild, obtained solutions to equations for 
aplanatic telescope systems. Burch applied these 
solutions to the design of an aplanatic microscope 
objective, and he has since constructed a number 
of such objectives. This has necessitated the 
development of methods of aspherizing one or both 
of the components of the mirror pair. He has 
shown that for apertures up to 0.65 N.A. it is per- 
missible to have one of the mirrors spherical; from 
considerations of ease of aspherizing, it is usual 





Aspherical Concave Spherical 
Mirror . Convex 


/urror 
45° — ~ raed 


P. ee ree ‘2 





Optical System for Reflecting Microscope 





to keep the convex mirror spherical and to make 
the concave mirror aspherical by about 80 fringes 

Because there is no dispersion with reflection, 
the instrument is free from chromatic aberration 
Therefore the instrument can be used for photog- 
raphy in the ultraviolet spectrum (thus increasing 
the resolving power and obtaining selective absorp- 
tion) after focusing in visible light. Another 
advantage is the comparatively long working dis- 
tance — about 1.5 em. for 0.7 N'A. The depth of 
focus is the same as for a refracting microscope 
of equal numerical aperture; this property depends 
only on the wave length of the illuminating light. 

An important metallurgical application arises 
from the long working distance, as it facilitates the 
examination of hot metal surfaces at high magnifi- 
cation (about 700 with the 0.65 N.A. objective). 
As a demonstration of this application, photo- 
graphs have been taken in Bristol of the surfaces 
of metals such as nickel, steel and molybdenum, at 
various temperatures up to bright red heat. Higher 
temperatures could have been attained with better 
arrangements for heating the specimen. 

The mirrors used are of aluminized speculum 
metal. An attempt is to be made to build a reflect- 
ing microscope having a numerical aperture of 0.98. 

Tom Bisnop 
Metallurgical Editor 
The Iron & Coal Trades Review 


January, 


Fourtomicrographs 


Kokomo, Inp. 

To the Readers of Mera. Procress 

During a recent metallographic examination 
of hard facing weld deposits, tungsten carbide 
in the form of a number was observed imbedded 
in the stellite matrix of our special composite-rod 
deposit, as shown in the accompanying micro 

The specimen was etched electrolytically in a 
2% solution of chromic acid, and was then stained 
by an alkaline permanganate solution. 
nification is 500. 


The mag- 


W. F. Bertram 
Metallographer 
Haynes Stellite Co. 


GOTHENBURG, SWEDEN 
To the Readers of Meta. Procress: 

The accompanying micrograph shows a 
numeral 4 in the structure of a hard facing weld 
metal of the stellite type. This alloy contains 
about 4.5% C, 19% Cr, 40% W, 27.5% Co, 1.5% 
Cb, the rest iron. The specimen was etched in 
ec. hydrochloric acid and 1 g. 
picric acid dissolved in 100 cc. ethyl or methy! 
alcohol) and then photographed at 2000 x. The 
numeral and other white portions are tungsten 
carbides. 


Vilella’s reagent [5 


TorE NOREN 
Head of the Metallographic Laboratory 
Electric Welding Association 


Epiror’s Nore: In addition to its valuable chemical 
and mechanical characteristics, this alloy apparently 
has interesting “numerical” properties. Metallurgists 
and numerologists alike may ponder the higher useful- 
ness of a metal that counts to four. 





Fourtomicrographs of Stellite. 
(Left) Swedish, (right) American 
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THE DESIGNATION OF 





PHASES IN 


ALLOY SYSTEMS 





ee NAMES AND DESIGNATIONS 
of alloys are a_ problem. 
remember them. 


The problem is to 
Perhaps one of the Quiz Kids 
could do it in his unaided head, but most metal- 
lurgists and engineers require a shelf of reference 
books and catalogs to keep the 10,000 alloy names 
in order. 

However euphonious current trade names 
may be, many of them have no logical relation 
with the thing being named. We might suppose 
that in the science of metals, untainted by the 
brush of commercialism, names would be more 
meaningful. But, actually, it is in the sciences 
that nomenclature has reached the highest form 
of abstruseness pure, random symbolism. In 
the Correspondence columns of this issue, p. 59, 
Francis Foley raises a basic question about the 
designation of phases in alloy systems. Gently 
and with utmost restraint, Mr. Foley considers 
that the present lack of systematic terminology 
is an abomination. Everyone can agree on that! 

The question of phase terminology has been 
discussed intermittently for about 20 years. Much 
of the published discussion has appeared as letters 
to the Editor of the Journal of the Institute of 
Metals (for instance, February 1937, April 1937, 
February 1942, and July 1947). During the years 
1941 to 1947 phase nomenclature was considered 
in detail by the @ Committee on Phase Diagrams, 
which supervised the preparation of the diagrams 
in the 1948 “Metals Handbook”. (See, for instance, 
John Marsh’s letter in Metal Progress for January 
1942.) The purpose of this article is to review 
the ideas currently in circulation and the diffi- 
culties that have prevented general agreement. 

There are two methods of phase designation 
logical and extensive enough to be called system- 





By Taylor Lyman 
Associate Editor, Metal Progress 
Editor, Metals Handbook 





atic. One of these has been developed gradually 
in England during the last 20 years; the other, 
in America during the same period. Both have 
been applied to a restricted group of nonferrous 
alloys. Neither is free from objections. Each is 
based on a fundamentally different idea. Either 
could be expanded into a general system. 

In the system originally proposed by Bradley 
in England, phases of the same crystal structure 
are denoted by the same Greek letter in all 
diagrams containing a phase of that structure. 
Hume-Rothery has used this system extensively 
in his writings on the equilibrium diagrams ol 
copper, silver and gold alloys, in which the Greek 
letters a, B, B’, y, &, ¢, C’ and p are applied system- 
atically to phases having eight different structures 
encountered repeatedly in the alloys studied. 

One difficulty in extending this system to all 
phase diagrams is that the body-centered cubic 
and face-centered cubic modifications of iron have 
always been denoted alpha and gamma, respec- 
tively, whereas in copper, silver and gold alloys, 
alpha is used for the face-centered cube, beta for 
the body-centered cube and gamma for the com- 
plex structure characteristic of gamma brass. As 
yet, no compromise has made this system of ter- 
minology generally acceptable to both ferrous and 
nonferrous metallurgists. The addition of sub- 
scripts to a and y when they are used to designate 
terminal solutions might provide a basis for even- 
tual agreement. Subscripts might be used also 
in diagrams that contain several phases having 
the same crystal structure. 

Another difficulty is how to designate phases 
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Those readers (irrespective of occupation) 
who believe that people can work together in 
harmony and understanding will be interested 
in © Past-President Foley’s suggestion on p. 59 
that an international committee be formed to 
bring some order to terminology in phase dia- 
grams. The secretary of the @ Committee on 
Phase Diagrams, which considered the question 
of terminology when they were planning the 
diagrams reproduced in the “Metals Hand- 
book”, reviews here some of the difficulties that 


have prevented a consistent nomenclature. 





whose crystal structures have not yet been deter- 
mined. Perhaps upper-case English letters might 
be used temporarily to designate such phases until 
the crystal structures have been determined and 
Greek letters assigned. Phases of undetermined 
structure that are known to occur in several sys- 
tems (for instance, the sigma phases mentioned 
by Mr. Foley) could be assigned a Greek letter and 
given a subscript x to indicate that the structure 
has not been completely determined. 

In diagrams from the Aluminum Research 
Laboratories in this country, a system of nomen- 
clature based on chemical composition has been 
used. In addition to its application to phase 
diagrams, the Alcoa notation is used on micro- 
graphs, in tables of etching reagents, and in other 
charts listing the properties of constituents in 
commercial aluminum alloys. 

The next two paragraphs are from the 
explanation of the Alcoa system by W. L. Fink 
on p. 4 and 5 of a book “Physical Metallurgy of 
Aluminum”, to be published this month by the 
American Society for Metals.) 

In the Alcoa system, the designation of a 
phase consists of the chemical symbols of the 
elements necessary for the formation of that 
phase. The symbols are enclosed in parentheses, 
in the order of decreasing atomic percentages of 
the elements. The symbols are separated by 
hyphens in order to distinguish them from chem- 
ical formulas. For example, the intermetallic 
compound (often called CuAl, or 6) that occurs 


at the aluminum end of the aluminum-copper 
system is designated (Al-Cu). Elements that are 
not necessary to the formation of the phase but 


which may be present in solid solution 
are not indicated in the designation. For 
example, the solid solution occurring at 
the aluminum end of any binary system 
or at the aluminum corner of any ternary 
system is indicated as (Al). 

If two or more phases would have the 
same designation according to the above 
rules, they are distinguished by prefixing 
Greek letters. For example, in the binary 
aluminum-nickel system shown in Fig. 1, 
the two intermediate phases containing 
more atoms of aluminum than of nickel 
are designated a(Al-Ni) and £B(AI-Ni 
Similarly, the nickel-rich intermediate 
phase is designated a(Ni-Al). The phase 
in the middle of the aluminum-nickel 
diagram is B(Ni-Al) rather than y(Al-Ni) 
because the phase field extends farther 
toward the nickel end. 

Designations based on composition are 
not new. From the very beginning of alloy science. 
certain intermediate phases have been designated by 
chemical formulas. For instance, the phases called 
a(Al-Ni) and B(AI-Ni) in Fig. 1 were long known 
as NiAl, and NiAlL., respectively. (NiAl, is still a 
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Fig. 1 — Phase Diagram for the Aluminum-Nickel 
System, Showing Alcoa Phase Designations 
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common designation.) As knowledge increased, it 
became apparent that many of the phases which 
were being designated by formulas actually existed 
over a range of composition. To cite an extreme 
example, the phase usually referred to as Mg,Zn,Al, 
extends halfway across the ternary diagram (from 
20 to 70% zinc), whereas the formula indicates 
one definite composition. Furthermore, the range 
of composition of a phase sometimes does not 
include the single composition referred to by the 
formula. For example, B(AI-Ni) in Fig. 1 does 
not include the composition NiAl,. Chemical for- 
mulas are now used less frequently than before 
in alloy nomenclature. However, formulas are 
still widely used for designating alloy phases that 
are similar to chemical compounds in their narrow 
range of homogeneity — for instance, Fe,C, Mg.Si 
and Cu,P. These formulas tell more about the 
chemical compositions of the phases than desig- 
nations such as a(Fe-C), a(Mg-Si) and a(Cu-P). 
Formulas are especially helpful when the phase 
diagram is not at hand. 

The Alcoa notations avoid the disadvantages 
of chemical formulas while retaining composition 
as the basis for the designations. However, in 
all likelihood, the Alcoa designations would be 
unsatisfactory to those who, like Messrs. Foley, 
Bradley, and Hume-Rothery, prefer a nomen- 
clature based on structure. In addition to this 
fundamental objection, there might also be some 
question concerning practicability. 

In a binary alloy system with many inter- 
mediate phases (the copper-aluminum system, for 
example) the reader is not helped greatly by the 
multiple repetition of the chemical symbols 
Cu-Al). The reader knows that each phase con- 
tains both copper and aluminum, without being 
contronted by the symbols (Cu-Al) 12 times in 
4 sq.in., but according to the Alcoa system the 
symbols must be included as a part of the 
designation for each of the 12 intermediate phases. 
It seems fair to ask whether, in binary systems, 
these repetitious chemical symbols earn their way 
in terms of services rendered. 

In his letter on page 59, Mr. Foley mentions 
that the practicability of standardization would 
depend on the willingness of those interested to 
cooperate. But “there’s many a slip ’twixt the cup 
and the lip”. It might be interesting to review 
how extensively some other efforts at standard- 
ization of letter symbols have been accepted. 
(This is no small subject; a recent book “Scientific 
and Technical Abbreviations, Signs and Symbols” 
extends to 476 pages.) 

In 1932, the American Standards Association 
adopted a standard on Abbreviations for Scientific 
and Engineering Terms (A.S.A. Z10.1). Yet today, 


17 years later, many writers ignore the standard 
and many editors are still laboriously “correcting” 
standard abbreviations to nonstandard forms in 
order to make the copy consistent with their 
individual style sheets. The force of habit is 
powerful and is not overcome by logic alone. 
Chemists seem to have been more successful 
than other scientists in solving problems of nomen- 
clature, although outstanding inconsistencies still 
remain, even at the elementary level — for 
instance, columbium versus niobium, Be versus 
Gl, and, of course, aluminum versus aluminium. 
The acceptability of a standard is probably 
related closely to the composition of the author- 
itative committee. Who, then, should comprise 
the committee that would have the last unquestion- 
able Word on the subject of phase designations? 
Mr. Foley and others have suggested that these 
problems ought to be considered by an_ inter- 
national group. The statistics of Fig. 2 support 
this view. (These data were compiled from the 
starred citations in Haughton’s “Bibliography of 
the Literature Relating to Constitutional Diagrams 
of Alloys”.) The production of phase diagrams 
has indeed been international, though largely in 
the sense that several other countries have helped 
the Germans and the British in this basic research. 
(The strong preponderance of German publications 
on phase diagrams suggests one further query: 
Who will do this fundamental research now that 
German science is so largely impoverished? This 
query is probably worth more consideration than 
the main subject being discussed here — that is, 
nomenclature, a matter of form, not of substance. ) 
International conferences have become com- 
mon in science and engineering. The science of 
metals might make a small but useful contribution 
to international understanding through an Inter- 
national Committee on Phase Diagrams. ] 





Germany 
England 
Japan 
France 
Russia 
U.S.A 
Italy 


10 20 30 40 50 
Percentage of Total 





Fig. 2— Origin of Phase Diagrams by Countries 
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eke bast Iron hefas CUES... 


MASTER HIGH STRESSES 
IN HYDRAULIC PRESSES 


Extra strength, pressure-tightness and 
wear-resistance characterize major cast- 
ings in this ““Hydrolair”’ press. . . 
Moreover, these properties may be se- 
cured whenever needed in cast parts by 
producing them in nickel alloy irons. 
To meet a tensile strength specifica- 
tion of 50,000 p.s.1. minimum, Lindgren 
Foundry Company, Batavia, IIl., casts 





heads, cylinder bases, platens and 
intensifiers for ““Hydrolairs,”’ of 
a composition including 1.50°, 
nickel and 0.50°, chromium. 
Along with essential strength, 
this type of nickel-chromium 
cast iron provides a dense, 
close-grained structure that re- 
mains free from leaks or pres- 
sure losses even though hy- 
draulic stresses run high. 


Write for our recommendations 


Eimes Engineering Works of American Steel Foundries, 
. . F Chicago, Ill, build “Hydrolairs” to provide small-press 
regarding the best nickel alloyed irons users with equipment fer fest, oc | operation. Floor 

. - . ond bench type models of 20, 30 and 50 ton capacity are 
or steels for your applications. ovoilable 





Over the years, International Nickel has accumulated a fund of useful information 

on the properties, treatment, fabrication and performance of engineering alloy 

steels, stainless steels, cast irons, brasses, bronzes, nickel silver, cupro-nickel and 

other alloys containing nickel. This information is yours for the asking. Write for 
List A” of available publications 


THE INTERNATIONAL NICKEL COMPANY, ING. ew rons. 
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Mechanical Testing of Are Welds 


From Joint Specifications of American Welding Society and American Society for Testing Materials 
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f B > 
Some or all of the specimens Direction of : 


Approx 10” 





, 
Js 


Discard This Piece 


the following types of are 
welding electrodes: mild steel < t Side - Bend 
(A.W.S. A5.1-48T, ALS.TLM Side - Bend 
(233-481), low-alloy steel 
(A.W.S. A5.5-48T, A.S.T.M 
(316-481), corrosion resisting 
chromium and chromium- Approx /0 
nickel steel (A.W.US. A5.1-48T, 
c— —— J A.S.T.M. A298-487T), and cop- 
Weld to Be Made Wilh Three Layers Min per and copper alloy (A.W.S 

See 15.0481, ASTM. B225-481) 

~} Ya" Max Phese specifications include 


Root-Bend || Specimen 

yi = — 3 rt = Ss 

Face- Bend Specimen 
“Discard This Piece 
Direction of Rolling 


pecimen 


bh Yes / Yes et / "MIN 


Discard Piece 


Ya" Allowance for Each Cut 


shown here are deseribed in f 
the specifications for each of | Discard 
1 


lies Specimen 
1 














run 








chemical and mechanical re 
7 Nominal Core quirements, coatings, current 


x ——_— Mire Diameter requirements and welding po- 3/g* or 


' 
=. , , ¢ Outside Diam 
: <—* sitions for many classifications of Lovering, Wh 

Joint for Face-Bend ; - T . =/fe° MN ; 
Bend and Root-Bend Tests of electrodes made of the four x é 1 = ever is Greater 


types of material mentioned Joint for Side-Bend Test 


bh 


These Edges May Be Flame Cut Hardened Rollers /4" Diam 
and May or May Not Be Machined Tapped Hole to Suit May Be Substituted for 


4 Testing Machine Jig Shoulders 

















+As Required ~ S ~—As Required 


AL Shoulders Hardened 
- Approx 10" ~ and Greased 























Weld reinforcement and backing 
strip shall be removed flush with the 
surface of the specimen. Machining 
or grinding shall be done lengthwise 
on the specimen. The test surface 
shall be finely machined or ground 





Plunger 
Member 





 Face-Bend and Root-Bend Specimens 














—_! . di oe 
- 2" 
Approx./0 WWE" Be 3%a"—w1 
|7 . Max Die Member 
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Specimens shall be sawed or ma- Face-bend specimens are placed with the face of the 
chined from the test joint. Weld re- weld directed toward the gap, root-bend specimens are 
inforcement and backing strip shall placed with the root of the weld directed toward the gap 
be removed flush with the surface of side-bend specimens are placed with the side showing the 
the specimen. Machining or grinding greater defects, if any, directed toward the gap rhe two 
shall be done lengthwise on specimen members of the jig are then forced together until the speci- 
The surface of specimen to be tested men conforms to a U-shape, and until a wire 1/32 in. in 
hall be finely machined or ground diameter cannot be placed between specimen and plunger 


Side-Bend Specimen Jig for Face-Bend, Root-Bend and Side-Bend Tests 


et ‘a 


&° Min + 
: - deka? a 
HH ne on 
! 
prom gp Ante thre Boo jr % 
Are for Threaded Ends. =. Pr 4 


Tensile Test Specimen Location of Specimen in Plate Type of Deposited Layer 
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Requirements for the Preparation of All-Weld-Metal Tensile Test Specimens 
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On the hottest jobs in heat-treating fur 
naces, FAHRITE has proved its ruggedness 
Whatever your application, when you need 
an alloy casting to withstand continuous 
strain from high temperatures you can 
rely on FAHRITE for maximum satisfaction 


FAHRITE engineers recommend the grade 
FAHRITE to meet your exact strength and 
resistance requirements 

Ohio Steel ranks high in three essentials: 
1. Design..2. Metallurgy. .3. Ability to 
make a good casting 


THE OHIO STEEL FOUNDRY COMPANY 


SPRINGFIELD, OHIO 





Plants at Lima and Springfield, Ohio 





wm 


“FOR LOW COST % 
HIGH ACCURACY 
IN METALLURGICAL ae 


ANALYSIS ...Use Bausch & Lomb 


Metallographic Equipmen? 


* Bausch & Lomb Metallographic equip- 
ment is the result of years of research and 
close association with leading American 
metallurgists and their problems. It offers 
you low cost, high accuracy in metallurgical 
analysis, an opportunity to do better metal- 
lographic work. 


THE RESEARCH METALLOGRAPH is 
designed for fast, convenient operation on 
routine production as well as the most 
advanced metallographic research and in 
vestigation. The exclusive, patented, calcite 
vertical illuminator gives homogeneous 
plane-polarized light over the full aperture 
of the objective. It is used for critical work 


with bright field, dark field and polarized 
light for both visual observation and photo- 
micrography. 


OTHER BEL METALLOGRAPHS retain 
such desirable construction features of the 
Research Metallograph as—permanent 
alignment, critical focus, Balcoted object 
ives, stability of image during long observa- 
tion and exposure, simplic ity of Operation 

To select the right metallographic equip 
ment for your problems, write for a consul 
tation with a Bausch & Lomb field represen 
tative, and descriptive literature. Bausch & 
Lomb Optical Co., 638-A St. Paul St, 
Rochester 2, N. Y. 


BAUSCH 6 LOMB 
OPTICAL COMPANY IP 7 ROCHESILK 2, N.% 
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MARTEMPERING 





becoming 


nucleation 
increasing 


Oxy A FEW YEARS AGO the 


heat treatment of steel was strictly an art, but 
recently 


it 
a science. 
advances in 


has shown definite progress toward 
This transformation, like 
technology, is process of 
and growth of ideas arising from our 
knowledge. 


a 


One direct result of basic 


metallurgical knowledge has been the development 
of the heat treatment known as martempering. 
The aim of this article is to show the application 
of some recent research to the process of martem- 
pering carbon and low-alloy steels. 


During the martempering of steel, austenite 





The purpose of quenching steel is to harden 
it — but more is involved than hardening. The 
piece should come out whole and not cracked 
or distorted. An ideal quenching medium 
would cool the steel very fast above 900° F. 
and very slowly through the martensite range. 
No such quenching medium exists. However, 
martempering comes closer than other quench- 
ing processes, and is being used increasingly for 
heat treating parts that must have less residual 
stress and distortion than result from an oil 
quench. This article discusses the limitations 
and results of martempering carbon and low- 
alloy steels. It includes specific information 
about distortion, cracking, and the maximum size 
of bar that can be hardened by martempering. 
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By R. H. Aborn 
Assistant Director 
Research Laboratory 
United States Steel Corp 
Kearny, N.J. 





transforms to martensite under controlled con 
It may appropriate, therefore, 
review briefly the salient characteristics of the 


austenilte-to-martensite transformation. 


ditions. be 


Martensite forms almost instantaneously while 
austenite is being cooled. If the cooling is inter 
rupted, the transformation stops. Only a further 
decrease in temperature, or plastic deformation 
will induce a resumption of the transformation 
The formation of martensite is essentially timeless 
and is generally believed to occur without nuclea 
tion, growth or diffusion. 
the below 
certain temperature, called the Mg temper 
ature, which depends the 
composition of the austenite. 
temperature 


Moreover, martensite 


forms only when steel is cooled a 


chemical 
If the M, 
is high, or the cooling not 


on 


drastic, martensite undergoes self-temper- 
ing during the extent of such 
tempering increases as the rate of cooling 


cooling; 


decreases. 

To reach the lower-temperature zone 
where martensile can form, austenite must 
be cooled fast enough so that it will not 
transform into ferrite, pearlite or bainite 
at temperatures above Mg. The rate which 
is just fast enough to avoid formation ol 
these products is called the critical cooling 
velocity. Transformation to 
products an 


these unde- 


sired requires incubation 
enormously with 
composition, so that the critical cooling 
velocity to retain austenite intact to the 
martensite than 
9000° F. to 


much of 


period, which varies 


range 
per 


varies from more 


sec. in low-carbon 
ia - 
the high-alloy steels. 


steel 


less than 


per sec. in some 
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The drastic cooling required in carbon and 
low-alloy steels to obtain a fully martensitic 
structure generally causes high residual stress and 
distortion, which may be so pronounced that the 
steel will crack during the quench. 

The ideal method of minimizing these unde- 
sirable characteristics is to cool the steel fast 
enough to retain all the austenite at the M, tem- 
perature, to allow full equalization of temperature 
at or just above Mg, and then to cool very slowly 


the cooling to the Mg temperature to maintain the 
austenite untransformed, depends on the prior 
austenitizing conditions as well as on the con- 
ditions of cooling. 


Effect of Austenitizing Conditions 


An austenitizing atmosphere that minimizes 
oxidation of both iron and carbon is one of the 
most important factors because scale is a barrie) 

to heat removal in quenching 
and because lower carbon con 





tent in a hypo-eutectoid  stee 





Customary Quenching 


and Tempering 





> 
& 


a f 


be > 


Jempered 
to Desired 
Haraness 


ling Curves 
fate 


Temperature 
Sur. 


& Coo. 
Surface - 


- Cooling Curves 


Isothermal’, 
Transformation 
Diagram 





Martempering and Tempering 


/séthermal 


makes austenite more likely t 
transform above Mg. For am 
given composition and _ initia 
structure, the austenitizing tem 
perature selected determines the 
austenitic grain size and the 
extent of carbide solution and 
homogenization of the austenite 
The coarser the grain or the 


Tempered 
to Desired 


greater the carbide solution and 
homogenization of austenite, the 





= 


E Product 
Tempered 


‘Transformation Martensite 











7 more stable is the austenite, and 
Tempered 


Martensite the larger the section that can be 








Time (Log Scale) 


fully hardened. However, this 


increased hardenability may be 





Fig. 1 — Time-Temperature Relations in Customary Quench- 
ing and Tempering and in Martempering and Tempering 


partly or wholly offset by reduced 
toughness from the coarser graii 
size, by greater tendency t 





through the range of martensite formation. By 
this means the thermal gradient and resulting 
stresses can be dissipated while the steel is still 
in the soft austenitic condition at Mg. The trans- 
formation stresses and the supersaturation with 
carbon can be reduced to the extent that self- 
tempering occurs in the retarded cooling below Mg. 

This is the principle of the process discovered 
by D. Lewis in England, in 1929, and recently 
developed and popularized under the name of 
martempering by B. F. Shepherd. Figure 1 shows 
schematically how martempering and tempering 
differs from conventional quenching and temper- 
ing. In each process it is assumed that the com- 
position and section size of the steel are such that 
the austenite can transform entirely to martensite. 
In the conventional process martensite forms dur- 
ing continuous drastic cooling, whereas in ideal 
martempering there are three steps in hardening: 
(a) rapid cooling to the Mg temperature, (b) 
equalization of temperature throughout the heat 
treated part at that temperature level, and (c) 
retarded cooling through the range of. temperature 


in which martensite forms.* The effectiveness of 


oxidize in the furnace at the 
higher austenitizing temperaturs 
and between the furnace and the quenching bath 
and by somewhat slower cooling because of the 
greater amount of heat to be removed. 


Effect of Cooling Conditions Above Ms 


The process of cooling at any point within a 
metal being quenched involves: (a) heat flow t 
the surface by conduction, (b) transfer of this heat 
to the quenching medium and (c) dissipation of 
the heat by the quenching medium. The cooling 
rate at any point within the metal depends on the 
size and shape of the piece, the thermal diffusivity 


*The term martempering is sometimes applied te 
treatments in which transformation is substantially 
completed before the steel reaches the bath temper 
ature. This does not correspond to the Metals Hand 
book definition of martempering and may logically be 
regarded simply as hot quenching. Thus, when most 
medium-carbon low-alloy steels (such as many of 
those shown in Fig. 2) are quenched into a liquid batt 
at 400° F., martensite formation goes to completior 
before the steel reaches the temperature of the bath 
and the only advantage over conventional quenching 
is the somewhat retarded cooling rate through the 
temperature range of martensite formation. 
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(a measure of the efficiency of heat transfer within 
the metal) and the surface heat-transfer coefficient 
H. For practical purposes in quenching problems 
the thermal diffusivity may be taken as constant 
for carbon and low-alloy steels, so the cooling rate 
of such a piece of metal of given size and shap« 
depends on the H-value of the quenchant, which is 
a measure of the rate at which heat is withdrawn 
from the surface. H is usually measured by the 
rate of change of depth of hardening with diameter 
of bar, and is influenced by (a) composition of 
coolant, (b) agitation of coolant, (c) temperature 
of coolant and (d) surface condition of the steel 
being quenched 

The cleanest practicable metal surface provides 
the least barrier to heat flow, and the smoother 
the metal surface the more uniform is the fluid 
flow. A vapor phase forms at the metal-quencbant 
interface and acts as an insulating blanket. This 
is minimized by suitable agitation (not too violent 
such as rhythmic circulation of metal or quench- 
ant to achieve uniform fluid 
flow, by submerged spray, 


feasible metal bath is a lead-bismuth alloy such 
as the eutectic melting at 255° F.; the vapor pres- 
sures of lead and bismuth are relatively low and 
their solubility in iron almost nil. Compared with 
a salt bath this metal bath has a far higher density, 
much higher conductivity, and a considerably 
lower specific heat. This means that with effective 
agitation the metal bath cools the work more 
rapidly, but the heat-absorbing capacity of the 
cooling system must be greater under continuous 
operation. Because the metal bath is more dense 
than steel, the work must be held down, whereas 
it can simply be suspended in a salt bath. The 
initial cost of the metal bath is greater but main- 
tenance charges are likely to be less because of 
greater chemical stability. If the steel or the lead- 
bismuth becomes oxidized, particles of the oxidized 
alloy stick to the steel and are more difficult to 
remove than a film of salt, which dissolves in water 
If the steel should be scaled, salt is better able to 
wet and penetrate the scale and so compensates in 








and by using brine or caustic 
solution instead of water. 

In true martempering. 
the temperature of the 
quenching bath depends on 
the martensite transforma- 
tion range of the steel being 
treated. Figure 2 shows these 
ranges for 14 carbon and 
low-alloy steels. Two trends 
may be observed in these 
data. First, and most obvi- 


Temperature, F 
X\ 
8 


ous, is the influence of car- 
bon; with increasing carbon 
content the martensite range 
widens and is displaced to 
lower temperature. Second, 
the martensite range of a 





triple-alloy (nickel-chro- 0 


52/00 (1950 °F ) 
cr 52000550) 











mium-molybdenum) steel is 
usually lower than that of 
single or double alloy steels 
of corresponding carbon 


Fig. 2— Temperature Range of Martensite Formation in Fourteen 
Carbon and Low-Alloy Steels (R. A. Grange and H. M. Stewart) 





content. 

Normally in martempering the choice of cool- 
ant is confined to liquid metal or salt, because the 
required temperature 
high for oil.* 


near M, — is generally too 


Probably the only commercially 


*Salt bath martempering of a part austenitized in 
cyanide is very hazardous because of the probability 
of an explosive reaction between the nitrite in the bath 
and the cyanide film on the part. Oil with a high 
boiling point has been used successfully up to about 
400° F. (D. C. Miner, Steel, April 29, 1946, p. 88). 


part for its lower conductivity. Under some con- 
ditions, salt may corrode the steel, but molten lead- 
bismuth does not. On the other hand, the mechan- 
ical problem of obtaining adequate agitation of a 
heavy metal bath is much greater than with a 
salt bath. The net result of all of these consider- 
ations is that martempering in salt baths is more 
common than in metal baths. 

The first and most difficult problem in mar- 
tempering is to quench rapidly enough to prevent 
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favorable industrial usage, the 





IN 
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ee/ Volume 


auenchant (Bgth Volume), 19-3 Max Temp. Rise (°F) 


rate in salt between 
1100 and 900 °F. is distinctly less 


cooling 





OT yt RE el? Oe? 
18.7 196 024 
15.7 196 024 
19.6 244 2350 

3.24 040 O05 





5% NaOH 
Oil 
Salt 
Lead (+B/) 


: 


+ 


NaoH (65°F) 


~ 
S 
S 


Ph-Bi (450°) 
4 Oil 125 °F) 


Average Cooling Rate (1100-900%), F/Sec. 
8 





0 Salt (450°) 


Os°*D VD 2*D. 


- 


7 
* 
7 


« No significant temperature rise 
+ Average of two tests with initial bath 
temperature 400°F and 450°% respectively. 


These 


are tentative. 


than in oil. It is also to be noted 
A 10 that the cooling rate in lead- 
*« 45 ; f ; 
“ 5 bismuth is consistently greater 
5 50° than in salt. The abnormal! 
shape of the lead-bismuth curve 
may with the 
relatively small volume of the 
bath in comparison with the 
other baths, as indicated in the 
ratio of bath volume to stee! 
It is evident that, at 
least under these specific con- 
ditions, the volume of the bath 
should be at 500 
that of the in order t 


be associated 


data : 
volume. 


least times 





steel 





0 10 ls 20 
Diameter of Bar: In. 


avoid a significant increase in 


temperature. However, when 





Fig. 3 — Influence of Section Size on the Cooling Rate of Steel 
The cooling rate plotted is the 
average rate between 1100 and 900° F. for the centers of round 


in Four Quenching Mediums. 


bars quenched in agitated liquids. 


These data are tentative. 


the molten bath can be 
cially cooled, a 


artifi- 
much smaller 
volume or weight ratio is pre- 
sumably adequate, with 
ported ratios ranging from 2 te 


re 





the steel from transforming above Mg. R. L 
Rickett, J. W. Stewart and W. G. Benz of our Lab- 
oratory recently investigated the relative cooling 
of molten 
with 


lead-bismuth in 
NaOH solution. 
effect of section size from 0.5 to 2 in. 


power salt and com- 


The 
was deter- 
mined for machined steel cylinders whose length 
was three times the 
of steel 


parison oil and 5% 


For each size, a 
that would remain 
austenitic to a lower than that of 
the molten bath. A small hole was drilled axially 
to the center of the cylinder and a thermocouple 
was spot welded to the cylinder at the base of 


the hole. 


diameter. 


vrade was selected 


temperature 


The cooling curves were recorded on a 
special high-speed electrical recorder giving full- 
scale deflection in 0.75 sec. The temperature of 
the salt and lead-bismuth was 450° F.; that of the 
vil, 125° F., and of the caustic, 65° F. Both salt and 
metal baths were stirred mechanically, and the oil 
ind aqueous baths were circulated by an external 
pump. The average velocity of the liquid flowing 
wer the specimen was estimated to be 2 in. 


sec. 


per 
The cylinders were quenched one at a time, 
with the bath always at the test temperature before 
a specimen was quenched. 

The test results to date, which 
summarized in Fig. 3, 


are tentative, 
in which the average 
cooling rate between 1100 and 900° F. is plotted 
against the diameter of the bar. It is clear that 
under these conditions, which we believe represent 


ire 


10 or more pounds of salt per 
pound of steel per hour. 

The relative quenching power of several hot 
and cool baths may be demonstrated by hardness 
measurements taken at the surface and center of 
round of diameters, 
Fig. 4, from Shepherd. It 
data that salt at 400° F. 
at 80°F. but more 


bars various as shown in 


is evident from these 
is less effective than oi) 
effective than oil at 400° F 
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Fig. 4— Effect of Quenchant and Mass on 8742 
Steel Quenched From 1500° F. (B. F. Shepherd 
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4600 Steel 


100001) 


5(S6lt) 


Maximum 


Section Diameter, In 


1(Salt) 








[620% ( 
/0 100 /000 
Maximum Equalizing Time, Sec. 





% (Salt) 
10,000 





Fig. 5— Maximum Equalizing Time Near M, 
for 4600 Steels of Five Carbon Contents (E. S. 
Rowland and §. R. Lyle). Maximum sections 
(right-hand scale) are from B. F. Shepherd. 





Equalization of Temperature at Ms 


The center of the 2-in. cylinders mentioned 
on p. 68 required 10% min. to cool from 1550 to 
within 5° F. of the salt bath temperature at 450° F. 
For industrial martempering salt baths, Shepherd 
found that the time required for the equalization 
of temperature of 1l-in. rounds was 5 min. at 
400° F., 4 min. at 500° F. and 3 min. at 600° F. when 
the steel was quenched from 1550° F. Insufficient 
time in the bath will leave thermal gradients with 
resulting stresses and may even permit subsequent 
transformation of the central austenite to upper 
bainite, pearlite, or ferrite. On the other hand, 
excessive time in the bath— aside from being 
expensive — may cause some lower bainite to form. 
However, this bainite is as tough as tempered 
martensite. Figure 5, from Rowland and 
Lyle (Metal Progress, V. 47, 1945, p. 907), 


Effect of Cooling Conditions Below Ms 


When the temperature of the piece of stee! 
has been equalized at or near the Mg temperature 
the third step in martempering is to cool the piece 
to form martensite. Ideally, if maximum hard 
ness is not required, the rate of cooling through 
the martensite range should be very slow to 
minimize thermal stresses, and to permit some 
relief of transformation stresses by self-tempering 

Because any salt film adhering to the stee! 
dissolves readily in hot water, it is a temptation 
to quench the parts from the salt bath into boiling 
water, but this procedure has led to cracking in 
some higher-carbon steels. Air cooling to room 
temperature is customary for all grades of steel 
except for a few high-carbon, high-alloy types in 
thick section, which may require cooling in ashes 
or even in a furnace to avoid cracking. 


Martempering in Relation to Distortion 


Reduction of thermal stresses should reduce 
distortion and residual stress in martempered 
parts and this seems to be confirmed in practice, 
bul the design of the part is always an equally 
important factor. Martempering also affords the 
unique opportunity of safely and easily straight 
ening a part as it comes out of the equalizing bath 
while still substantially austenitic. Boyer’s obser 
vations (ron Age, July 3, 1947, p. 49) on the 
comparative distortion of martempered and oil 
quenched tubes of 52100 steel are summarized in 


Fig. 6. These tubes were austenitized alike, one 





shows how long austenite can be held near 








M. without transformation, in nickel- 


4 — 








i 
} &D Expansion 





molybdenum 4600 steels. The equalizing 





temperature near Mg, is shown for each 





plotted point; the available time varies 
from 20 see. for 4640 to well over 1 hr. 
for the outer layers of a carburized case. 
rhe seale on the right shows the diameter 





of the maximum treatable section, based 
on Shepherd’s observation of the time 





required to cool various section sizes to the 
different bath temperatures. However, the 
limiting size factor above 0.40% carbon 
in this and most other low-alloy steels is 
not the equalizing time but the harden- 


Gs 0i/ Quenched 
Cc— Martempered 




















ability time, that is, the limiting cooling 
time that will bring the steel to M, with- 


Dimensional Change 





out the formation of nonmartensitic prod- 
ucts. This will be discussed later, in the 
section concerning effect of mass. 


Fig.6 — Comparison of Distortion in Oil Quenched and 
Martempered Cylinders of 52100 Steel (H. E. Boyer) 
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Table I— Control of Growth in Martempering 


(W. Olson and G. Nevins) 


Composition: 1.0% C, 1.1% Mn, 0.5% Cr, 0.5% W, 0.2% V 


Austenitizing Temperature: 1475° F. 


tempering near Mg, produced too 
much growth, whereas quenching 
in cool oil caused excessive warp- 
ing, but equalizing at 290°F. 
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1, | PERCENTAGE OF 
“uae | MARTENSITE |- 
REATMENT =| ForMED IN BATH SOLID, 
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0.0010 
0.0005 
0.00094 


290° F. Oil 65 


400° F. Salt | 0 
85° F. Oil ; Nearly 100 





AVERAGE GROWTH IN 

¥, x3x4-IN. PLATE* 

Borep (2-INn. HoLe), 
IN. PER IN. 


resulted in minimum growth, as 
measured after tempering. These 
results may be interpreted 
showing the balance between ther- 
mal and transformation stresses, 
which 


as 


0.0012 
0.0001 
0.0002 


oppose each other. In 


conventional martempering, 


equalizing before transformation 








after the 


+Warped. 


*Growth was measured 
Rockwell C-60 at 400° F. 


plates were 


and the other set 
F., held 1 min. and then 
Both sets were tempered at 300° F. 
the distortion measured. The mar- 
tempered and tempered tubes show much less 
distortion than the oil quenched and tempered 
product. 


set quenched in oil at 125° F. 
quenched in salt at 475° 
air cooled. 


before was 


In some applications, such as precision dies, 
it may be important to minimize dimensional 
changes during martempering. This is illustrated 
in Table I from the work of Olson and Nevins 
(Steel, Dec. 15, 1947, p. 88) on a 
tungsten-vanadium die steel. 


chromium- 
Conventional mar- 


minimizes thermal stresses, 
transformation stress plays a 
major role uniformly throughout 
the specimen and expansion is 
During quenching in cool oil the 
complex interplay of stresses produces warping, 
whereas quenching in oil at 290° F. 
stresses to 


tempered to SO 


unopposed. 


causes the 
evenly balanced. Thus, 
dimensional changes can be controlled by adjust- 
ment of the temperature of the equalizing bath. 


be more 


Cracking 


The prevention of significant thermal stresses 
by retarded cooling during and after the formation 
of martensite, and the concurrent partial relief 
of transformational by 


stresses self-tempering 
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won Transformation 


Cooling Curve Quenching Medium 
/ Brine at 70°F 
Oil at 70°F 
Salt at 300 F (AC) 
Salt at 400 (A.C) 


Time (Log Scale) 


Stee/ A 
No Cracks 
No Cracks 
No Cracks 
No Gracks 


Stee/ B 

Cracked 

Cracked 
No Cracks 
No Cracks 


Steel C_ 
Cracked (?) 
Cracked 
Cracked 
No Cracks 





Fig. 7 — Influence of Steel Composition and Quenching Process on the Quench 
Cracking of Cylinders 44 In. in Diameter, for Three Carbon-Manganese Steels 
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should reduce the probability of cracking, and 
this also is generally confirmed in practice. R. L. 
Rickett has recently determined the influence of 
carbon content and quenching process on the sus- 
ceptibility to cracking of three steels in the form 
of cylinders %% in. in diameter. The results are 
summarized in Fig. 7. On the cooling trans- 
formation diagrams of the three steels are super- 
imposed the cooling curves corresponding to four 
types of quenching: brine at 70°F., oil at 70° F., 
salt at 300° F., and salt at 400° F. The composition 
of each steel was selected so as to insure trans- 
formation to martensite only, except that in the 
steel of lowest carbon content a little upper bainite 


Carroll of our staff investigated this point in tw« 
steels, with results which 
Table Il. The 4150 and 52100 steels were 
austenitized at 1550°F. in the form of notched 
cylinders as sketched, and quenched in duplicat 
in brine at 80° F., in oil at 170° F. and in salt at 
450° F. The martempered cylinders were removed 
from the salt bath after 5 min., and cooled in ait 
Each specimen was then halved transversely with 
great care to avoid any tempering. 


are summarized in 


The hardness 
and microstructure were determined on the pol- 
ished and etched cross section. Using an X-ray 
spectrometer a search was made for retained 
austenite throughout the same cross section, bul 


Table I1— Comparison of Martempering, Oil Quenching and Water 
Quenching of 4150 and 52100 Steels 


D = 1 in. for 4150 
D = % in. for 52100 


< 60° notch, 0.09 in. deep, 
0.01-in. radius at base 





SURFACE 


STEEI PREATMENT* 


HARDNESS, | 
{OCKWELL C | 


| 


STRUCTURE 


4150 
4150 
4150 
52100 
52100 
52100 


Martempered 60 
Oil Quenched 61 
Brine Quenched 65 
Martempered 64 
Oil Quenched 66 
Brine Quenched 66 


99+ M,TrB 
100 M 
100M 
90M, 10B 
994+ M,TrB 
100 Mt 





CENTER 


RETAINED 
AUSTENITET 


HARDNESS, 


s RETAINED 
| Rockwe_it C | OTRUCTURE | 


| AustTenitet 
None 58 
<5% 59 
None 61 
None 55 
<5% 65 


None 66 


99+ M,<1B None 
100M <5% 
100M None 

80 M, 20B None 
99M,1B <5% 
100M None 








*Martempering in salt at 450° F. for 5 min., then cooled in air. 
Austenitizing at 1550° F. for 1 hr. 
B= Upper Bainite. 


quenching in brine at 80° F. 
+Specimen cracked. M = Martensite. 


Oil quenching in oil at 170° F. Brine 
All quenching baths agitated vigorously. 


tThe method used may not indicate the presence of austenite with certainty when less than 2% is present. 


formed during the quench in salt at 400° F., as 
indicated on the cooling curve. When the carbon 
content was low, even brine quenching caused no 
cracking. When the carbon content was increased 
to 0.45% with manganese at 1.7%, both brine 
quenched and oil quenched cylinders cracked, 
whereas with the eutectoid steel (0.77% 
0.86% manganese) only the 400° F. martempering 
treatment prevented cracking. 


carbon, 


Retained Austenite 


It has often been assumed that austenite trans- 
forms entirely to martensite during the air cooling 
step of martempering. But, as it is well known 
that some steels when oil quenched retain more 
iustenite than when water quenched, still slower 
cooling might retain even greater 
Accordingly, R. A. 


amounts of 


austenite. Grange and K. G. 


it was found only in the specimens quenched in 
oil. Under these austenite was 
detected after the martempering of 4150 or 52100 
steel.* It should be noted, however, that a con- 
siderable portion of the carbon content of the 
52100 steel undissolved and that had these 
specimens been austenitized at 1950° F. to dissolve 
all the temperature would have 
been within the martensite formation range and 
some austenite would have 
all three treatments. 

The X-ray observations tetragonal 
martensite in both oil quenched and brine quenched 
52100, but not in any of the other specimens of 
either steel. The lack of it in the martempered 
specimens is to be expected from the self-temper- 


conditions, no 


was 


carbon, room 


been retained after 


showed 


*The trend of these results is opposite to 
recently reported by M. Cohen and co-workers, 
we are investigating this point further. 


that 
and 
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ing that occurred during air cooling. The distinctly 
lower hardness of each martempered product and 
the considerable content of upper bainite in the 
martempered 52100 steel should be noted; these 
may handicap the usefulness of martempered 
52100 in some applications. If the austenitizing 
temperature were raised sufficiently to dissolve all 
the carbon in the 52100 steel, upper bainite might 
be eliminated but the gain would probably be 
offset by the undesirable coarser austenitic grain. 


Mechanical Properties 


No marked difference would be expected 
between the mechanical properties of products 
martempered and tempered and those quenched 
and tempered in the conventional manner, except 


Effect of Mass 


The final point to consider is the limitation 
of mass or section in martempering. With a given 
severity of quench or H-value, there is a limiting 
size of bar whose center will cool barely fast 
enough to transform entirely to martensite. This 
is illustrated in Fig. 9, which compares the limit- 
ing size of bar that can be hardened by martem- 
pering, by oil quenching and by water quenching 
1045 and five alloy steels differing widely in 
hardenability. 

These data are based on observations of hard- 
ness and microstructure in an end-quench test 
specimen of one heat of each of the six grades 
of steel. In each of the three steels (8630, 4150 
and 4340) for which hardenability 
bands have been adopted, the hard 
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enability curve lies within the band 
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but it should be that 
other heats of any of the six grades 
are likely to show somewhat smaller 


recognized 


X 
9S 


or larger values than were observed 
for these particular heats. To deter- 
mine the values shown on the left 
half of the chart the distance from 
the quenched end of the end-quench 
specimen, at which the martensite 
content dropped to 99.9%, 
verted 
center 





53 was con- 


Rockwell C Hardness 


bar whose 


same 


diameter of 

would the 
(and presumably 
when 


into 


have hard 


ness microstruc- 


ture) cooled as indicated on 








-300 -200 -/00 0 /00 +200 


Temperature of Testing, F 


300 400 


the chart. These values appear as 
vertical bars on the left half of the 
diagram. 


500 


The H-values selected are 





Fig. 8 


Comparison of Notch Toughness of 2340 and 4063 Steels 
Quenched and Tempered, and Martempered and Tempered 


considered typical of efficient quench 
ing in water, oil and hot salt, and 
are assumed to be independent of 





possibly in fatigue if tempering has not equalized 
the residual stresses.* The similarity of properties 
is illustrated in Fig. 8 from the work of R. L 
Rickett F. C. Kristufek of our staff. This 
chart compares the notch-toughness of martem- 
pered and conventional quench-tempered 2340 
steel at Rockwell C-40 and 4063 steel at Rockwell 
C-53 over the range of temperature from +300 to 

300° F. A similar investigation of 6150 steel al 
Rockwell C-51 shows the same trend. 


and 


*Eprron’s Nore: In Metal Progress for November 
1948, A. C. Forsyth and R. P. Carreker reported a 
fatigue limit of 160,000 psi. for martempered 1095, 
compared with 124,000 psi. for water quenched 1095, 
with all specimens tempered to Rockwell C-53. 


check on 

the validity of some of the calculated 

bar sizes may be found by comparing the values 

for 52100 and 4150 on the left side of Fig. 9 with 

the data on center microstructure in Table II, on 
the preceding page. 

For 


the size of specimen. A 


a considerable number of applications a 
fully martensitic structure is probably unnecessary 
and A. L. Boegehold has stated (in Transactions 
S.A.E., V. 52, 1944, p. 472) that a center hardness 
10 Rockwell-C units less than the maximum obtain- 
able for a given carbon content may be considered 
as the acceptable hardness in the quenched con- 
dition for obtaining suitable properties after tem- 
pering. We have accordingly calculated also the 
limiting hardenable bar size on this basis. The 
corresponding distance from the quenched end of 
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the hardenability bar was then translated, as before. 
into the diameter of bar whose center would have 
the same hardness (and presumably microstruc- 
ture) when cooled as indicated on the chart. These 
values appear as vertical blocks on the right half 
of Fig. 9. 

It is obvious that the maximum diameter of 
bar by this criterion is much greater (actually 
from 25 to 300% greater) than the maximum 
diameter that can be made fully martensitic. It 
should be pointed out, however, that considerable 
amounts of nonmartensitic transformation prod- 
ucts (pearlite, ferrite and bainite) were observed 
at the position on the end-quenched bar corre- 
sponding to this reduced hardness value. These 
amounts were as follows: 


1045 15% Pearlite 

8630 10% Ferrite and bainite 

1340 20% Ferrite and bainite 
52100 50% Pearlite and bainite 

4150 20% Bainite 

4340 5% Bainite 


Thus a considerable proportion of the cross 
section of the larger bar will contain an appre- 
ciable amount of ferrite, pearlite or upper bainite. 
The influence of such a mixed structure on the 
mechanical properties of the steel is under study 
in several laboratories. Jominy has recently pro- 
posed a minimum of 90° martensite in regions 
under highest stresses (S.A.E. Journal, April 1948, 
p. 40). If this percentage is based on the average 
structure there will surely be local spots contain- 
ing much less martensite and these are potential 


points of weakness and cracking. In any event, 


it is evident that martempering limits the pro- 
duction of a given quenched structure or hardness 
in «a given steel to a smaller section size than oil 
or walter quenching. 


Summary 


Ideally, martempering requires adjustment of 
composition, section size, cooling rate and bath 
temperature so that the treated part reaches the 
Mg, temperature fully austenitic; then after equal- 
ization at the Mg, temperature the part will be 
cooled so slowly that the temperature gradient is 
virtually nil In practice this ideal is seldom 
attained because of the cost of adjusting these 
variables to each job, and because the product is 
acceptable if it does not crack and remains within 
the limit of permissible distortion and required 
final hardness. 

The limitations of martempering are: 

1. Composition: For a given section size, the 
minimum carbon or alloy content must be some- 


what higher than in conventional quenching for 
the same percentage of martensite. 

2. Section size: For a given composition, the 
section size that can be made fully martensitic 
(or treated to any lower hardness) is somewhat 
less than for efficient quenching in oil or water 

3. Less decarburization and scale are allow 
able in martempering. 
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Center Hardness 
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Fig. 9 — Approximate Maximum Size of Bars 
Hardenable by Water Quenching, Oil Quench- 
ing and Martempering. Data are based on 
end-quench test of one heat of each steel. 
H-values are assumed constant for each type 
of quenching as follows: Martempering, 0.25; 
oil quenching, 045; water quenching, 1.4. 
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4. More elaborate heat treating equipment is 
required. 

5. Somewhat more time, space and equip- 
ment are needed to handle the same volume of 
work. 

6. There are greater safety hazards in work 
ing with molten baths. 

7. The salt film (or lead-bismuth particles) 
must be removed from the hardened product. 

Offsetting these limitations, there are two 
outstanding advantages of martempering: 

1. The steel is less likely to crack. 

2. Distortion is minimized. 

A probable additional advantage is improved 
control of inevitable dimensional changes, and a 
final advantage is that because of some self- 
tempering during air cooling the product may be 
suitable for some applications without further 
tempering. +) 
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PERSONALS 





Upon graduating from Rensselaer 
Polytechnic Institute, George 
Zuromsky @ has been employed as 
metallurgist at Chapman Valve Mfg. 
Co., Indian Orchard, Mass. 


Joseph Cutro © is now employed 
by the Black-Clawson Co., Hamilton, 
Ohio, as production 
manager. 


assistant 


Ching-Lin Tang @, who graduated 
from Lehigh University in June 1948, 
is now doing graduate work at Purdue 
University, Lafayette, Ind. 


Thomas S. Simms @, formerly 
sales engineer for Metal Parts and 
Equipment Co., is a research consult- 
ant in metallurgy for the John 
Crerar Library of Chicago. 


George M. Dinnick © has been 
placed in charge of the construction 
of a new plant for the Andrew Corp. 
of Chicago and the planning of a mod- 
el village. 


C. O. Anderson @, formerly with 
Claud S. Gordon Co. of Ohio and the 
Lithium Co., is now operating as C. O. 
Anderson Co., Cleveland, for the sale 
of industrial heating equipment and 
controls, representing Maxon Premix 
3urner Co. and Charles A. Hones, Inc. 





Convert TO HIGH SPEED STEEL 
and SENTRY HARDENING 





Former Steel Used 


™. S. Steel 
Sentry Hardened 


FOXBORO. MASS., U.S.A. 
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Roger W. Carothers ©, formerly 
sales engineer with the Dow Furnace 
Co., has recently joined the Hevi Duty 
Electric Co. of Milwaukee as Detroit 
representative. 


Syl A. Meshorer @ has been trans- 
ferred by Amalgamated Steel Corp. 
from sales manager in the Detroit 
territory to general manager of the 
Cleveland office. 


R. M. Linsmayer @, who was pre- 
viously metallurgist at the Knolls 
Atomic Power Laboratory of the 
General Electric Co., is now metallur- 
gist in the research section of the Air 
Materiel Command at the Wright- 
Patterson Air Force Base. 


Robert T. Rospond @, a recent 
graduate of Lehigh University, is now 
metallurgical engineer with the New 
Jersey Zine Co. 


Warren W. Smith @, formerly with 
Republic Aviation Corp. and Southern 
Metal Works, has accepted a position 
with Pan American Airways, Inc., as 
chemist in its Miami, Fla., laboratory. 


William A. Franz @, who gradu- 
ated from Carnegie Institute of Tech- 
nology in June 1948, is now employed 
by National Tube Co., Ellwood City, 
Pa., as a junior metallurgist. 


Since graduation from Marquette 
University, College of Engineering, 
Ralph Baumann @ has been employed 
by B. Hoffmann Mfg. Co., division of 
Grinnell Co., Inc., as a sales engineer 
in the Milwaukee region. 


H. S. Spaulding @, previously 
chief metallurgist at Reynolds Metals 
Co., plant No. 7, Louisville, Ky., is 
now chief metallurgist at Permanente 
Metals Corp.’s new rod, wire and 
cable plant at Newark, Ohio 


Walston Chubb, Jr., @ is working 
for his master’s degree in metallur- 
gical engineering at Missouri School 
of Mines and Metallurgy and also do- 
ing research work for Ludlow-Saylor 


Wire Co. 


John Stipp Hicks ©, who grad 
uated from Colorado School of Mines 
in May 1948, is now employed as 
metallurgical engineer in the Alumi- 
num Company of America’s research 
laboratories in New Kensington, Pa. 


Donald W. Williams ©, formerly 
research engineer at Battelle Memo 
rial Institute, is now plant supe 
intendent with Coast Metals, Inc., 
Canton, Ohio. 


Clyde H. Krummel, Jr., ©, for- 
merly with Bethlehem Steel Co. as an 
experimental engineer, is now with 
Miami-Dickerson Steel Co., Dayton, 
Ohio, as salesman. 





IT PAYS T0 LOOK AT GOST PER PART 
NOT PRICE PER POUND! 


HERE'S certainly nothing complicated-looking about 
Tithe small stamped channel section of .042” gauge 
copper shown in the accompanying illustration. And that’s 
what makes this story all the more interesting. 

It is told by Mr. T. J. Newman, Manager of the Meter 
Devices Company, Canton, Ohio. 

“Even a relatively simple application can cause trouble,” 
says Mr. Newman, “a lot of trouble—if you are not using 
exactly the right metal for the particular job. 

“In our case the problem centered around this small 
stamped channel, originally made of electrolytic copper 
with a Rockwell B 35/45. The part is bolted to a porcelain 
base and mounted on the test panel in a standard electric 
meter box. Used on the service box for test purposes, it 
allows the connection of a small feed-in wire off the main 
lines to supply the potential coils in the meter. 

“Sounds simple enough. Yet complicated trouble came 
quickly. It started with cracks in the bends. And that re- 
sulted in a high percentage of rejections, along with 
expensively close inspection. 

“It was then that we called in the Revere Technical 
Advisory Service. Acting on their recommendation, we 
exactingly tested potential taps made of OFHC Copper with 
Rockwell B 49/50. Results were so satisfactory that we 
placed a considerable production order. 

“In doing so we frankly paid a premium for OFHC. 


Potential tap, made by Meter Devices Company, 
Canton, Ohio, using Revere OFHC Copper 


But that premium is much more than offset by our saving 
in scrap and the all-around reduction in costs. Our poten- 
tial taps now have no more cracks in the bends—there are 
no rejections whatever—and expensive inspection has 
been eliminated.” 

Thus the Meter Devices Company has learned, by its 
own exacting tests, that the premium purchase of OFHC 
Copper is a real economy. Once again it is proved that the 
real guide to economy is the cost of the finished part, not 
the price per pound of the metal of which it is made. 

This progressive company is only one of the many 
modern industrial organizations that have profited by 
calling in the Revere Technical Advisory Service. Perhaps 
you would profit too. We suggest that you ask the nearest 
Revere Sales Office for more information. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, lil; Detroit, Mich.; New Bedford, Mass.; 
Rome, N. Y.— Sales Offices in Principal Cities, Distributors Everywhere 
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PERSONALS 





John T. Ransom @, who has just 
finished the experimental work for 
his doctor’s degree from -Carnegie 
Institute of Technology, is now me. 
chanical metallurgist in the engineer- 
ing research laboratory of FE. 1 
duPont de Nemours & Co., Ine. 
Wilmington, Del. 


H. I. Phelps @ has been promoted 
from western regional manager of 
All-State Welding Alloys, White 
Plains, N. Y., to national sales 
manager. 


John V. Hackett @ has been ap- 
pointed superintendent of the River- 
side Metal Co., Riverside, N. J. 


Forrest P. Coonrod ©, a recent 


\ 
s 
™ graduate of Purdue University, is 
*% | e on § now metallurgist at Federated Metals 
\ 


Division of American Smelting & Re- 


fining Co., Pittsburgh, Pa. 


s 
fro Ni h ' On es Formerly tool designer with Chase 
Brass & Copper Co., S. F. Reiter @ 


has started graduate studies in metal- 


> > lurgy at Yale University. 
in aln ess Harold W. Wyatt & has been pro 


moted by the Lunkenheimer Co 


Cincinnati, from research engineer t 
from G. 0. CARLSON, INC. head of the physical laboratory of th 


metallurgical division of the company 


L. B. Lumpkin @, for 12 years 
connected with the New York office 
‘ ‘ : of the Bristol Co., has been trans- 
Take advantage of the large stock of Stainless Steel plates in all active x 
ferred to Birmingham, Ala. 
grades available at G. O. Carlson, Inc. Sidney M. Lenhoff @, formerly re 
‘ali ;, see tallurgist ¢ » Detroi 
With our specialized cutting equipment we produce to your requirements: naraais h meena the I se 
Diesel Engine Division, General 
rings, diameters, irregular shapes, small plates, and head blanks—in many Motors Corp., has accepted a positior 
P , ‘ , as metallurgical engineer with the 
analyses of stainless steel—in any size—to chemical industry standards of Detroit Arsenal, Army Ordnance. 
quality. E. E. Parker, Jr., @ has recently 
: . , ‘ joined Acme Radiator Division a 
Irregular shapes are Powder Cut with allowance for fabricator’s final finish. joined Acme Radia 
general manager with headquarters 
If you fabricate stainless steels, get in touch with G. O. Carlson, Inc. in Thomasville, Ga. 


Our experience and facilities combine to give flexibility of production which Paul Ruzicka ©, formerly with 
Winchester Repeating Arms Co., New 
is proving beneficial to all industry, Haven, Conn., is now with Hamiltor 
Watch Co. in the metallurgical re 


search division. 


Leaving the research department 
of Bethlehem Steel Corp., J. H. Frye, 
Jr.. @ has become director of the 
metallurgical division of Oak Ridge 


National Laboratory, Oak Ridge 
: INC Tenn. 
ti . 


John W. Whitehead ©, formerly 
Stainless Steels Exclusively chief engineer of the truck and trailer 

300 Marshalton Road; Thorndale, Pa. division of teynolds Metals Co., is 

PLATES ¢ FORGINGS « BILLETS e BARS e SHEETS (No. 1 Finish) now a sales engineer for the MclIlhany 


. ‘, eaten Oe 
Warehouse distributors in principal cities Equipment Co. of Roanoke, Va. 
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¢— From this ... to this Jin one continuous operation! 


Hunter Manufacturing Corporation roll 
forms sections of window frame. . . 
uses Kaiser Aluminum for the job be- 
cause of its consistent high quality 
and workability. 


Mass produced from coiled sheet in 


ONE CONTINUOUS OPERATION! 


labor costs! find the answer 


Permanente Metals 
PRODUCERS OF 


) 


emer hOMEF ALUMINUM 


luced SOLD BY PERMANENTE PRODUCTS COMPANY, KAISER BLOG. OAKLAND 12, CALIFORNIA: OFFICES IN MAJOR CITIES 


iy 
+ 


© 


rA 
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GEARS 
COLLETS 
CAMS 


ETC. a 


- 


THE ALLOY STEEL THAT’S 
MEANT FOR PUNISHMENT 


“M” TEMPER oil hardening steel was developed specifically 
for such vital, punishment-taking parts as dies, cams, collets, 
forming rolls, clutches, gears, etc. ““M” TEMPER effectively 
combines high hardness with maximum toughness, minimum 
distortion, extreme density and great strength — properties 
that ideally combine to resist wear and breakage. This grade 
develops the advantages of the powerful alloys — chromium, 
nickel and molybdenum. Moreover, “M” TEMPER has excel- 
lent forging properties and is readily machinable in the an- 
nealed condition. Although low in cost, ““M” TEMPER has 
non-deforming properties comparable to, and in many cases 
superior to, much more expensive steels. 


WL steels are metallurgically constant. This guarantees 


uniformity of chemistry, grain size, hardenability— thus eli- 


minating costly changes in heat treating specifications. 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 





WHEELOCK, 
LOVEJOYiN«: 


134 Sidney St., Cambridge 39, Mass. 


4 


and AISI 


Warehouse Serrice 


CAMBRIDGE - CLEVELAND 
CHICAGO - HILLSIDE. N.j 
DETROIT - BUFFALO 
CINCINNATI 


In Canada 


SANDERSON-NEWBOULD, LTD., MONTREAL. 
AJAX DISTRIBUTING CO., LTD., TORONTO 
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PERSONALS 








Maurice A. Embertson @, who has 
been with Wheelco 
for the past 
lished Pyro-matic 
Milwaukee, for sale 
Wheelco inst: 


equipment. 


Instruments Co 


two years, has estab- 
Industrials 
and service of 


iments and associated 


Robert I. Udell ©, formerly witt 
Allison Bedford Foundry of the Allisor 
Division of General Motors Corp. as 
sales engineer, is now operating the 
Indianapolis office of Metal Parts and 
Equipment 
engineering 


Co., offering sales and 
for 


service severa 


companies. 

Alvin A. Wisco @, who has fir 
ished the Westinghouse graduate stu 
dent training program, 
permanent assignment in the metal 
lurgical section of the Westinghouse 
Lamp Division, Bloomfield, N. J 


Robert T. Howard 6, 


formerly with the Los Alamos Scie 


has taken : 


who was 


tific Laboratory, is now metallurgis: 
at Black, Sivalls & 
Kansas City, Mo. 


Bryson, Ine. 


Richard W. Sweeney @, formerly 
at Virginia Polytechnic Institute, is 
now employed as an engineer with the 
Buckeye Steel Castings 
Ohio. 


Co., Columbus 


Edward P. Patterson ©, who re 
ceived his M.S. from 
of Mines in June 1947, is now with the 
National Trade School at Kansas 
City, Mo., as senior mathematics in- 
structor for 


Missouri School 


the drafting division. 


Clint Lundy @, formerly 
Reynolds Metals Co., is now with the 


witt 


Permanente Metals Corp. as a 


in the Seattle district 


sales 
engineer sales 


office. 


Elmer A. Terwell ©, formerly 
with the Metal Proces 
Co., is now midwestern repre 
for Ashworth Bros., Inc., 
Mass 


Salkover sing 
sentative 


Worcester 


R. F. Cornelissen &, who was pr¢ 
viously engineer for the 
Navy at the Bethlehen 
Shipyard, is now chief of the materials 


materials 
Department 
research Electronics 
Station, 


laboratory at 
Air Materiel 
Mass. 


Command 
Cambridge, 


Sam Tour & Co. announces that 
Alexander Gobus &, who is a mate 
rials engineer with the company, has 
appointed to the X-ray 
the company, whic 
will work under the U. S. Air 
Nav y 


been direct 
laboratories of 
Forces 
Bureau of Aeror 


and the autics 





Now... 
Sand seal rings 
available in wrought Inconel 


For years, sand seal rings for pit furnace 
retorts have been difficult to fabricate be- 
cause of their intricate shape. 


But now, the difficult job of designing and 
fabricating formed rings of wrought Inconel 
sheet has been accomplished by the Alu- 
minum and Architectural Metals Company, 
1974 Franklin Street, Detroit, Michigan. 


This technical achievement makes it pos- 
sible for you to secure pit furnace retorts 
made entirely of welded sheet Inconel. Field 
service reports have shown outstandingly 
long life for retorts made of Inconel. 


The workability of Inconel sheet, which 
permitted the forming of sand seal rings, 
recommends it for solving other difficult 
design problems in heat-treating fixtures. 
Inconel withstands high temperatures, re- 
sists corrosion, scaling, and destructive at- 
mospheres. Welds in Inconel are as resistant 
to heat and corrosion as the alloy itself. 


Your retort, built entirely of Inconel, in- 
cluding the sand seal ring, may give you 
valuable extra hours of service life over 
equipment now in use. Your regular fabri- 
cator can secure Inconel sand seal assem- 
blies for welding to sheet Inconel retorts. 


Whenever it is necessary to design heat- 
treating equipment as castings or as a com- 
bination of cast and wrought construction, 
remember that experienced specializing al- 
loy foundries are well equipped to handle 


The sand seal ring is in five sections, assembled by welding 
The sections are formed of 3 16” hot-rolled sheet Inconel 
Fabricated by the ALUMINUM AND ARCHITECTURAL 
METALS CO., 1974 Franklin St., Detroit, Mich 


4 lf CON ( LZ . . for long life at high temperatures 


(80 NICKEL -/4 CHROMIUM) 


Pit Furnace retort for use in Cadillac Motor 
Car Co. plant. Retort is made of 3 16 

Inconel sheet. Fabricated by BROWN 
HUTCHINSON IRON WORKS, 1831 Cla 

at G. T. R.R., Detroit, Mich 


your requirements in high Nickel-Chromium 
alloys. 


Next time you need repairs or new heat 
treating equipment, why not call in your 
nearest fabricator of INco Nickel alloys? 
He may be able to suggest improvements 
that will increase the efficiency of your proc 
essing operations. 


Remember, too, that our Technical Ser- 
vice Department is always ready to help 
with your metal selection problems. Send 
for your copy of: “Inco Nickel Alloys for 
Long Life in Heat Treating Equipment.” 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N. Y. 
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& 
Centrifugal castings are superior cast- 
ings. The metal is sounder, finer- 
Ricotta i neal 


grained, more uniform. It is free of gas 





pockets, blow holes and other defects 

often difficult to keep out of static cast- 
ings. Tensile strength is close to that of rolled or hot-forged alloy 
steel. Dimensions are accurate, usually requiring less machining 
and finishing and thus speeding production. 


If you require extra qualities in your high alloy pipe, investigate 
DURASPUN Centrifugally Cast Pipe. We can produce it in OD 
ranging from 212" to 24” and in lengths up to 15° according 
to diameter. Our experience in the field of centrifugal high alloy 
castings dates back to 1931. Our experience in the field of static 
high alloy casting goes back to 1922. We can give you good service. 


rat DUIALU TY conan 


4 


Los Angeles & San Francis 
KILSBY & HARMON 


DU—4 
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PERSONALS 





Hugh J. McDonald © was recently 
appointed professor of physical chem- 
istry and chairman of the department 
of chemistry at Loyola University 
School of Medicine in Chicago. Until 
recently he was professor of chemis- 
try and director of the corrosion re- 
search laboratory at Illinois Institute 
of Technology. 


After 12 years as assistant direc- 
tor of metallurgical research at the 
Lunkenheimer Co., Austen J. Smith 
©, past chairman of the Cincinnati 
Chapter of the American Society for 
Metals, has been appointed associate 
professor of metallurgical engineering 
at Michigan State College, East 
Lansing, Mich. 


R. C. LeTourneau, Inc., Peoria, 
Ill., announces the appointment of 
Hans A. Bohuslav @ as special engi- 
neering consultant. Mr. Bohuslav was 
formerly with Engineering Controls, 
Inc., Los Ar gele s. 


The Kaiser Co. announces the pro 
motion of George B. McMeans @ from 
assistant general superintendent of 
the Kaiser steel plant at Fontana, 
Calif., to general superintendent. 


Carl L. Radway ©, who has been 
with the Cuyahoga works of the 
American Steel and Wire Co. since 
1916 (most recently as department 
superintendent of production plan- 
ning), has been appointed division 
superintendent of the cold rolling 
mills at the same works in Cleveland. 


R. W. Milow @ has recently been 
designated manager of the alloy steel 
department of the J. T. Ryerson & 
Son’s Philadelphia office. 


Lt. Comdr. R. Doughton © has 
returned to active duty in the Navy 
as assistant material officer for 
engineering at the Norfolk Group, 
Atlantic Reserve Fleet. 


After resigning from the teaching 
staff of the metallurgical engineering 
department of Purdue University, 
H. George Johannessen © joined 
Ligon Bros., Detroit, in an engineer- 
ing capacity. 


Arthur E. Hageboeck @, executive 
vice-president of Frank Foundries, 
Inc., Moline, Ill, received the first 
gold medal award of the Gray Iron 
Founders’ Society for his outstanding 
contributions to the general welfare 
of the industry and his brilliant 
accomplishment in establishing 
foundry cost groups throughout the 
country. 












DESIGNED AND BUILT BY 


SNEM 


in a special application of 
Salem-proved mechanization. Giant “hands’’ and precision 
contro! are here combined to charge and withdraw heavy 
smoothly, surely, swiftly 
rate of five per minute. 


ABOVE: Automatic 
Billet Charger 


RIGHT: Automatic 
Billet Discharger 


These full color photographs, made at 
the Beaver Falls, Pa. plant of the 
Babcock and Wilcox Tube Company, 
clearly illustrate the automatic charg- 
ing and discharging of heavy steel 
billets. The mechanisms pictured feed the most up-to-date, 
precision-controlled automatic heating furnace with unerring 
accuracy. Working at a rapid rate, the finely adjusted 


Every Salem office has manipulators have put production on a flow-line basis. 
the facts. Address near- 


est city listed below. 


Salem Engineering Company 


HEADQUARTERS FOR HEAT TREATING DESIGN 


Salem, Ohio Southwest Office, Fort Worth, Texas 


SALEM ENGINEERING CANADA LTD., TORONTO ONT 
SALEM ENGINEERING COMPANY, LTD.,SHEFFIELD, ENGLAND 





-.-- OFFERS A 
COMPLETE LINE OF 
EQUIPMENT FOR THE 


Metallurgical Laboratory 


Buehler specimen preparation equip- 
ment is designed especially for the metallurgist, and 
is built with a high degree of precision and accuracy 
for the fast production of the finest quality of metal- 
lurgical specimens. 


1. No. 1315 Press for the rapid moulding of specimen 
mounts, either bakelite or transparent plastic. Heating ele 

ment can be raised and cooling blocks swung into positior 

without releasing pressure on the mold 

2. No. 1211 Wet power grinder with 3 4” hp. ball bearing 
motor totally enclosed. Has two 12” wheels mounted on 
metal plates for coarse and medium grinding 

3. No. 1000 Cut-off machine is a heavy duty cutter for stock 
up to 3-1 2". Powered with a 3 hp. totally enclosed motor 
with cut-off wheel, 12° x 3 32° x I-l 4 

4. 1505-2AB Low Speed Polisher complete with 8° balanced 
bronze polishing disc. Mounted to | 4 hp. ball bearing, two 
speed motor, with right angle gear reduction for 161 and 246 
R P M spindle speeds 

5. No. 1700 New Buehler-Waisman Electro Polisher pro 
duces scratch-iree specimens in a fraction of the time usually 
required for polishing. Speed with dependable results is ob 
tained with both ferrous and non-ferrous samples. Simple to 
operate does not require an expert technician to produce 
good specimens. 

6. No. 1410 Hand Grinder conveniently arranged for two 
stage grinding with medium and fine emery paper on twin 
grinding surfaces. A reserve supply of 150 ft. of abrasive 
paper is contained in rolls and can be quickly drawn into 
position for use 


7. No. 1400 Emery paper disc grinder. Four grades of abra 
sive paper are provided for grinding on the four sides 
discs, 8” in diameter. Motor | 3 hp. with two speeds, 575 and 
1150 R.P.M 

8. No. 1015 Cut-off machine for table mounting with sepa 
rate unit recirculating cooling system No. 1016. Motor | hp 
with capacity for cutting 1” stock 











THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES . CUT-OFF MACHINES @ SPECIMEN 


MOLNT PRESSES @ POWER GRINDERS @ FMERY 

PAPER GRINDERS @ HAND GRINDERS e BELT 

SURFACERS @ MECHANICAL AND ELECTRO POLISH 

FRS @ POLISHING CLOTHS @ POLISHING ABRASIVES 
* 


ARTMERS MEP 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. ‘w 
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He Furnace is Better than its Aloy Parte!” 
a ais ai en ee a ee ot mt “ 


© Oo 


LONG a disciple ot Le Corbusier, we derive 


much pleasure trom Stamo Papadaki’s I.e Cor- 
busier (published by Macmillan Co.), the latest 
of several books"on a remarkable craftsman, ar- 
chitect, painter and writer, who has perhaps con- 
tributed most to the concepts of houses and 


buildings as tools tor living. 


a has been said of him, and with little exaggera orms), such mill specifications often produce 


ion, that he gave architects a new vocabulary castings with radically different performance 


j 


freed buildings from weight, the greatest than the mill product. It is, or should be, gen 


aaovéilen of eedera secbisersen anil erally known that extremely low carbons 

lause as the ennentiol contested of cox for example, create very low fluidity, necessi 

Corbusier preached the doctrin tating their being poured at much higher tem 

= trully Seactteoal in Gente peratures when cast in thin sections. The hotter 

beossiful a yardstick which, if applied with metal erodes more sand and ladle lining into the 

intellectual integrity to conten porary turniture metal Heat treating a piece ol “yard goods 

achines, will reveal startling dis of uniform section is a different problem than 

that of irregular sections. The heating and 

cooling rates of different portions of the same 

Ti nk 1 our triend, Branchusi, whose masses casting and the consequent stresses vary with 
simulate motion, we believe both he and Le the section 


Corbusier, being Fre hmen, would joyfully 
1 A cu ent inquiry ts 1 astings 15 n <« n 
embrace Commander R. T. Simpson of the U.S a ; — ' - : ‘ gs | in diar 
' ' ' , eter, 2 ft. long, with a Mae West contour and a 
Navy, who crystallized a bit of logic in the truly As 5 
f , 1,” wall section. These are specified in a steel 
functional ash trays shown above This ash r ' ' ; ; 
+ ot mul analysis developed to save strategic mate 
trav 1s so designed that any burning cigarette, | it " Ls 
14 riais an lavVing everal fractional alloyin 
restit m tl dge ot the oval bowl and the — = 8 
a. os elements 
ot possibly tall anywhere but 
t n mut i ri s l 
the minimum distance of sup 8. h material in cast form in a trilaminar 


' lf | } ’ 
than half the length of the structure differs greatly from the unilaminar in 


this one it's a rare bit principle of physical characteristics. In heat 

ind corrosion-resistant alloys, not subject to 

B grain refinements by commercial heat treatments 
eing essentially engineers thinking in terms of 


/ , it is necessary that the characteristics of casting 
functional efficiency and ultimate te of our 


' <r be understood so that their many points of 


product, we have extended this thinking far into 


superiority to sheet can be fully utilized 


foundry processes veneral Alloys heat or 


orrosion resistant ¢ ing more often than not lL. dear reader, you now find voursell an 
oduct conceived on the drafting board and expert" in designing gas turbines and similar 
cuted in the foundry to utilize the maximum high temperature mechanism or Ordnance com 
operties, urgic i physi of the ponents, we humbly implore you to ask the boss 


best suite for a few days to start your high temperature 


1 to the illoy education. If vou will pay us a visit we 


will do our best to acquaint you with the major 
Amazing though it would appear to most M.P i 


, fallacies in design and metallurgy which have 
readers, we continually receive orders specifying 


, . combined to produce the definitely “half-baked 
steel mill analysis for castings. We even received 


' jet and turbine alloy components we taxpayers 
me for an Armco” casting Almost every 


' are buying. These are largely designed by recent 


day's mail brings in orders or inquiries tor some 


“experts” h little or no background in high 
hundred-and-one variations of 18-8 listed expert WER Bene OFS — , 


ree temperature mechanism 
| sales literature 


ost of the alloys 


in mill 


An advertisement of General Alloys Company. Boston 


“Oldest and largest exclusive Mfrs. of Heat and Corrosion-Resistant Alloys” 





li the hewt of, Spencet 


METALLURGICAL 
MICROSCOPES 


Fm 


—A HIGHLY EFFICIENT 
VERTICAL ILLUMINATOR 


AN ILLUMINATOR that is simple to operate, that is sturdy enough to 
take hard usage... that provides increased brilliance and contrast — 
minus glare... that is always cool enough to handle. 


Pioneered by American Optical Company. the Spencer Vertical Hlumi- 
nator has a first surface mirror, and coated plano-glass reflector, con- 
veniently interchangeable. Additional features are field and aperture 
diaphragms, built-in light intensity control, and interchangeable filters. 
SPeNcER Meratcurcicat Microscores offer many other outstand- 
ing advantages: 


QUICK-CHANGE NOSEPIECE facilitates interchange 
of objectives 


COATED OPTICS eliminate reflections and provide 
added contrast 


WIDE RANGE STAGE adjusts to unusually large or 
small specimens 


LARGE RESEARCH-TYPE STAND has interchangeable 
body tubes 


FINE ADJUSTMENT is precise, enduring micrometer 
screw type 


POLARIZING FILTER AND CAP ANALYZER (acces- 
sories; enable the use of polarized light 

GROOVED BEARING SURFACES assure long wear 
ELEVEN STANDARD COMBINATIONS offer choice of 
stages, optics, illuminators, and body tubes 


For further information write De pt. N 119 


American @ Optical 
COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


cdurons of the SPENCER cscienlific Instruments 
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LOW-TEMPERATURE 
PROPERTIES 





|* the Journal of Technical Phys- 

ics (U.S.S.R.), Vol. 16, No. 5, 
1946, p. 515 to 554, there appeared 
a series of four articles entitled 
“Mechanical Properties of Metals 
and Alloys in Tension at Low 
remperatures”, by V. I. Kostenetz. 
hese articles discussed the prop 
erties of several commercially pure 
metals, nonferrous structural alloys, 
carbon steels, alloy steels, and 
solders, all at +63, 321 and 

124° F 

rhe tests were made in a vacuum 
bottle containing about three pints 
of liquefied nitrogen or hydrogen 
surrounding the specimen at the 
start of each test. Loads up to 
3000 Ib. were applied by means of 
a piston and a cylinder containing 
oil. The specimens had a gage 
length of 30 mm. and a diameter 
of 3 mm. The elongation of the 
specimens was measured with a 
cathetometer, through a longitudi 
nal window in the metal vacuum 
bottle. Each test required about 
15 min. 

The test results for 33 of the 
metals are summarized in the table 
on p. 84. Data for the solders were 
reported in last month’s Metal 
Progress, p. 884. 

Commercially Pure Metals — The 
tensile strength has the same value 
at 424 as at 321° F. for molyb 
denum and tin, when brittle frac- 
ture occurs at these temperatures. 
This agrees with the hypothesis of 
Joffé that the brittle strength is 
independent of temperature. The 
face-centered cubic metals increase 
in both strength and ductility as 
the temperature of testing is low- 
ered. For the metals that are not 
face-centered cubic, the behavior is 
inconsistent. 

Nonferrous Alloys—In order to 
determine whether alloys having 
a face-centered cubic crystal 
structure retain ductility at low 
temperature in the same way as 
face-centered cubic metals, eleven 
nonferrous alloys were tested. 
Although the tensile strength of 
each alloy increased as the test 
temperature was decreased, the 
percentage increase was less than 
for the pure metals. Generally the 
elongation increased and the reduc- 
tion of area remained about the 

(Text continued on p. 86) 
(Table is on p. 84) 





Unit and quench tank, having a capacity of 150 to 350 pounds of work per 
hour, heat treats screw drivers, chisels, small tools, and miscellaneous hardware 
This installation at the plant of Cornwall and Patterson, Bridgeport, Conn., 
replaced five salt bath furnaces 


74.G.7. RECIPROCATING FURNACES 
FOR THEIR PRODUCTION HEAT TREATING 


Two units, each having a capacity of 300 to 600 pounds of work per hour, 
normalize and harden various hand tools such as pliers, wrenches, hammers, 
etc., atgthe,Peck, Stow, & Wilcox Co., Southington, Conn 


@ The following are but a few of the many features that have caused leading manufacturers to choose A.G.F. Recipro- 


cating, Controlled Atmosphere Furnaces for their heat treating departments: 


VERSATILITY. 


modification to process work ranging from extremely 


Each furnace can be used without 
small, light springs, stampings, and drop forgings, etc., 


up to quite large and heavy pieces. 


POSITIVE ATMOSPHERE CONTROL. The full muffle 
type Reciprocating Furnace has been redesigned to pro- 
vide a 100% atmosphere seal. The new seal permits 
maintenance and duplication of any desired atmosphere 
to a degree not heretofore obtainable. Surface restoration 
of decarburized work, case hardening by the patented 
"Ni-Carb”’ process, clean hardening, normalizing, and car- 


burizing can be accomplished with equal advantage. 


Unit and quench tank, having a capacity of 35 wo 75 pounds of work per hour, heat 
treating belt saw teeth and other parts at the Mall Tool Company, Chicago, Illinois 





SIMPLICITY. 


anism or conveyor belt maintenance problem. Only the 


There is no complicated drive mech- 


work, advancing through the muffle by its own mo- 
mentum, enters and leaves the furnace. The simple drive 
mechanism gives an infinite range of speed at which the 
work may be processed. The drive mechanism itself is 
located entirely out of the heat to reduce maintenance 


to a minimum. 


ECONOMY. Increased production per man-hour, long 
alloy life, and minimized maintenance produce a lower 


heat treating cost per unit of work treated. 


For detailed literature covering Reciprocating Furnaces, 


write for Bulletin No. 810-AB or send coupon below. 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE STREET 
ELIZABETH 4, NEW JERSEY 


AMERICAN GAS FURNACE COMPANY 
1002 Lafayette Street, Elizabeth 4, New Jersey 


Please send Bulletin No. 810-AB illustrating and describing Reciprocating 
Furnaces 


Name.. 
Title 
Company 


Address 





(Abstract begins on p. 82) Low-Temperature Tensile Test Data 





TENSILE STRENGTH, Psi ELONGATION, “ LEDUCTION OF AREA, “ 
METAL COMPOSITION 


+63° F.| —321° F. | —424° FP. |+63° F. —321° F 424° F. +63° F 


Commercially Pure Metals 

Aluminum 99.7°%, rod 17,000 30,000 50,000 

Silver 99.41°%, rod , 41,000 51,000 

Copper 99.9%, rod 34, 54,000 65,000 

Nickel 99.8°., sheet 

Lead 99.98°., cast 

Molybdenum 99.31°, rod y , 

Tin 99.74%, cast i 10,400 
Magnesium 99.9°. , cast f 23.000 30,000 


Nonferrous Alloys 
Leaded Brass 65 Cu, 34 Zn, 0.9 Pb 
Leaded Muntz Metal 59 Cu, 40 Zn, 1.1 Pb 
Tin Bronze ‘cast? 88 Cu, 10 Sn, 1.9 Pb 000 
Beryllium Copper 98.5 Cu, 1.5 Be 92, 115 ‘000 
Phosphor Bronze 93 Cu, 6.5 Sn, 0.4 Pb ; 119,000 
Aluminum Bronze 95 Cu, 5 Al 60, 83,000 
Manganin (sheet) 85 Cu, 12 Mn, 3 Ni 38 | 91,000 
Duralumin (17S) 42Cu,06Mg,06Mn 58; 74,000 
Lautal (25S) 4.3 Cu,0.8 Mn, 0.9 Si 31, 45,000 60,000 
Silumin ‘cast? 90 Al, 10 Si 18, 18,000 33,000 
Elektron ‘cast? 96 Mg. 3.5 Al, 0.2 Mn 3. 20,000 24,000 


Carbon Steels ‘(Annealed ;« 
1010 YreLp Ratio, --321° F. 51,000 117,000 141,000 
2 165,000 


1050 102,000 165,000*% 206.000 
Alloy Steels ‘Annealed at 1470 F., except as 
25N3 3.02 Ni, 0.25 94,000 142,000 173,000 ‘ 
12ChN2 52 Ni, 0.77 73,000 122,000 169,000 
3312 3.26 Ni, 91,000 149,000 169,000 
EN5 f : 1 141,000 206,000% 209,000* 
EChTM 80,000 142,000 189,000 
ESCh8 ‘i : 119,000 145,000 
5SChNM 114,000 171,000 , § 55 
EYa2 9 ‘ 109,000 242,000 5 : 2 67 





ee totenwn 





*Fractures occurred at the fillet Annealed at 1250 F Annealed at 2100 (Abstract continued on p. 86 








NICKEL CHROME ALLOYS 
HIGH SPEED STEEL 
MAKE SURE YOU GET THE TOP PRICE 


Herman A. Graff & Sons, Inc., will pay you on the basis 
of the Alloy in your scrap. We are Alloy Scrap specialists. 
We want and will buy Serap metal containing the Alloys 
now in great demand. You will be paid for the Scrap 
Value. We sort — you save! 


OL OL LOA LO LO LO 


FURNACE CASTINGS 
ANNEALING BOXES 
CARBURIZING BOXES 
HEATING ELEMENTS 

HEAT TREATING PARTS 

Q ALLOY CASTINGS 
NICHROME CASTINGS 
CHROMAX CASTINGS 

HIGH SPEED STEEL 
STELLITE & STELLITE TYPES 


We specialize in buying 


—— 


- 


For the past 36 years we have been nationwide 
dealers and brokers in the scrap metal field. 
specializing in Nickel, Nickel Alloys and Tung- 
sten High Speed Steel, Stellite and Stellite Type 
scrap. 

We have equipment for handling a small or a 
large volume with the efficiency you'll appreciate. 
Let us solve your scrap problem! 


Turn your Alloy Scrap into the Wheels of Progress! sniasd fate on o curting haste 


EOL ALON LON LO LOL OOO OO 
ee el el eee 


ee ee ee 


HERMAN A. GRAFF & SONS, INC. 


1223-25 WEST 69th ST. Pioneers in Metal Specialties Since 1912 CHICAGO 36, ILLINOIS 
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In Applications 
of 


Every Type 
THERMALLOY 
Trea 


Looking for wa) 
treat operating “osts? I 


1 hermalloy for 
ment. {llustrated on 
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ing replé 
applications: 





Muffles 


“Brake Shoe 
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iE 


get results 


Qu 


BURRELL INDUSTRO 
GAS ANALYZER 


with a 


Compact, fast and trouble-free, the Burrell 
Industro Gas Analyzer is the modern tool 
for the industrial gas analyst, built for 
accurate control analysis. The trouble-free, 
leak proof valve system is simple, sturdy 
and positive-acting 


For complete information write for 
Bulletin No. 213 


BURRELL TECHNICAL SUPPLY CO. 
1942 Fifth Ave., Pittsburgh 19, Pa. 


SHAKE IT— 


cee [aster 





better 


simpler 


The versatile Burrell “Wrist-Action” Shaker 
is equipped with a Finger-Grip clamp which 
assumes the following positions 
\ Gripping flask 
B Maximum grip- 
ping position, 35 
mm. 
C Minimum grip- 
ping position, 5 
mm 
D Jaws open for in- 
sertion of flask 


Bulletin No. 
BURRELL TECHNICAL SUPPLY CO. 
1942 Fifth Ave., Pittsburgh 19, Pa. 


mf orite for 


207 








LOW-TEMPERATURE 
PROPERTIES 





(Abstract starts on p. 82) 
same or decreased as the tempera 
lowered. The 
centered cubic alloys remained 
ductile down to 424° F., but the 
cast aluminum-silicon and magne- 
sium-aluminum alloys were brittle 
at all test temperatures. 

Stress-strain curves were plotted 
for the vield 
strength was found to be far from 
the point of rupture. On the basis 
of tensile strength, ductility and 
vield) strength, phosphor’ bronze 
and beryllium copper were chosen 


ture was face 


alloys, and the 


as the most suitable alloys for use 
at low temperature. Manganin is 
better than brass because of its 
higher yield strength. 

Carbon and Alloy Steels — This 
investigation was carried out with 
a view to replacing nonferrous 
alloys and high-alloy steels with 
low-alloy steels in some parts de- 
signed for use at low temperature. 
Eight carbon steels and eight alloy 
steels were tested in the annealed 
condition. 

The standard carbon steels con- 
tained about 0.65% Mn, 0.25° Si, 
0.035°° P, and 0.025% SS. The 
tensile strength increased with 
decreasing temperature, and both 
elongation and reduction of area 
decreased with decreasing temper- 
ature. The yield strength of these 
steels approached the tensile 
strength at —321” F., indicating that 
this is near the brittle temperature. 
424° F. 

The alloy steels were standard 
round or square rods and had the 
table 


same 


Elongation was zero at 


compositions 
on p. 84, 


nanganese, 


given in the 
about the 
silicon, 


with 
sulphur, and 
phosphorus contents as the carbon 
stecls. The tensile strength of these 
steels increased as the temperature 
decreased. The ductility generally 
decreased slightly at 321° F. and 
dropped to a low value at 124° F. 

On the basis of these results, the 
low-alloy steel 2563, and perhaps 
also 3312 and EN5, seemed suitable 
for use at low temperature. 

Solders Lead-base, tin-base and 
silver-base solders also were tested 
at +63, 321 and 124° F. The 
data have been reported on p. 884 
of the December 1948 issue of 
Vetal Progress, where the results of 
other low-temperature tests on 
solders were printed also. 
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‘Tempilst 


© WELDING 

© FLAME-CUTTING 
© TEMPERING 

© FORGING 

© CASTING 

* MOLDING 

© DRAWING 

© STRAIGHTENING 
© HEAT-TREATING 

IN GENERAL 





Select the 
for the working 


It's this simple 


J 
Tempilstik— Also 


available 
in pellet 


temperature you want. Mark 
your workpiece with it. When 
the Tempilstik” mark melts, or 

the specified temperature has liquid 
been reached. form 





Available in these temperatures (°F) 





125° | 275 500 1100 
138 «6©| «288 «©|:)«=6550) «| )=«(1150 
150 300 600 1200 
163 313 650 1250 
175 325 700 
188 338 750 
200 350 800 1400 
213 363 | 850 1450 


| 1300 
225 | 375 900 | 1500 


1350 





238 388 950 550 


250 400 | 1000 1600 
263 450 1050 


FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy" 
— 16%,” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 


stating temperature of interest to you. 
-GORDON: ae | 
$f SERVICE, 3% 


CLAUC S. GORDON CO. 


Specialists for 34 years in the Heat-Treating 
and Temperature Control Field 

Dept. 15 © 3000 $. Wollace St. © Chicago 16, III 

Dept. 15 © 7016 Euclid Avenue © Cleveland 3, Ohie 
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SYMBOL OF THE FINEST 


in quality steel making — the Midvale M-Star 


For 81 vears Midvale has been manufactur- 


tation. We look forward to continuing im- 


ing many steel products for a wide range of provement in the manufacture of high qual- 


use. The outstanding performance of these ity forgings and high alloy castings to main- 


products has earned us an enviable repu- tain this reputation. 


FORGINGS—FORGED, HARDENED AND GROUND ROLLS 
WELDLESS RINGS—CORROSION AND HEAT RESISTING CASTINGS 


THE MIDVALE COMPANY 


NICETOWN ° PHILADELPHIA 
OFFICES: NEW YORK + CHICAGO . PITTSBURGH . WASHINGTON « CLEVELAND . SAN FRANCISCO 
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high pressure 
and 
high temperature 


Not so many years ago, de- 
signers shunned gray iron 
for high pressure and high 
This is 


all changed — such castings 


temperature usage. 


are now freely specified. 


Molybdenum has made pos- 
sible this type, and many 
other types, of high quality 


cast iron. 


Some high pressure steam 
valves are made of cast iron 
containing 3.10% Total Car- 
bon, 2.45% 
Manganese with 0.75% 
Molybdenum added. This 


composition, and hundreds 


Silicon, 0.75% 


of other examples of the 
economical application of 
Molybdenum cast iron, are 
to be found in our new book- 
let, “Applications of Molyb- 
denum Cast Irons’. Write 


for it! 


Climax Molybdenum Company 
500 Fifth Avenue : ; 
New York City 


Please send your FREE BOOKLET 
“Applications of 
Molybdenum Cast Irons” 





Name ee 


Company .. 











HYDROGEN FROM 
CORROSION* 





often 


processing 


occurs 
equip- 
significant cor 
Embritthement 
been 


QEVERE DAMAGE 
in petroleum 
ment 


long before 


rosion is apparent 
and blistering have 
tered in’ equipment 


encoun 
handling sour 
crudes, sour natural gases and gas 
hydro 


The seriousness of the 


olines, hydrocarbons, and 
fluoric acid. 
problem is emphasized by the fact 
that more than 50 blistered 
have found in plants of the 
Phillips Petroleum Co. alone. 


Numerous 


vessels 


been 


photographs 
small 


were 


shown of blisters 's in. of 


less in diameter, and some more 
Actual 
which blistering was 
actual 
Cracks form at the ends 
of the blisters, at right 
blisters and the plane of the plates. 

\ blister tapped and = the 
enclosed gas analyzed 
found to contain 99.5 


by volume. 


than 12 in. in diameter. 
equipment in 
found and failures are 
deseribed. 


angles to the 


was 
was and 
hydrogen 
Measurements of the 
pressure blisters 
135 to 


analysis of 


developed in the 
showed values ranging from 
2700 Chemical 
blister-free and blistered steel plates 


showed no 


psi. 
essential differences in 
composition, Tensile tests revealed 
no marked differences. Impact tests 
and indicated 
banded and laminated structures. 
Etching with Stead’'s 
bands of segregated 
phorus for blistered 
banding for 


slow-bend fractures 
reagent 
showed phos 
steels and no 
blister-free steels. 
Cracks and blisters appeared to be 
associated with the phosphorus-rich 
bands. Reference was made to a 
previous investigation that indi 
cated increased solubility of hydro- 
gen with increased phosphorus. 
Evidence was presented to show 
that 
the steel serve as nucleating points 
for the blisters. 


shown of 


large and small inelusions in 
\ photograph was 
that 


slag 


blister developed 
inclusion. 
Unwelded gas pockets and lamina 


tions 


along a large 


also blisters. 
sulphide in the 
blister 
ind embrittlement 

rods, 12¢ C1 


cned 


nucleated 
Hydrogen proc 
ess liquor forma 
Sucket 
hard 


other 


promotes 
tion 
valve springs, 
bolts 


(Continued on p. 90 


valve plugs, and 


*Abstracted from “Effects of 
Hydrogen Generated by Corrosion of 
Steel”, by M. H. Bartz and C. E. 
Rawlins. Paper presented before the 
National Association of Corrosion 
Engineers, April 1948 
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COMMON SENSE in the shop would 


seem to call for careful cutting fluid 


application, because oi! that improves 


one operation may not be right for 
something different. There just isn't any 
one shot cutting fluid that can do a 
large percentage of all jobs! Consider 
all the variables 


speeds 


the wide voriety of 


feeds, materials, tolerance and 
finish requirements encountered in ma 
chining operations in one shop. Those 


are the considerations that make it 
economical in the long run to be sure 
the cutting fluid you use is scientifically 
On-the-job help you 


determine what cutting oil qualities are 


correct tests 
needed, and may even result in a de 
crease in the number of oils now used 
It 1s plain common sense to call in cut 
ting oil experts people with a sound 
background of practical experience who 
can be relied upon to recommend the 
right cutting fluid for the job 


SOL oe 


water mixed cutting compound 


Solvol is more than just o high grade, emu! 
sifiable cutting fluid. It is a unique super 
soluble product with the extro metal cutting 
qualities thot will solve some of your mo 
chinery problems and help eliminate pro 


duction headaches. Ask for literature 


Another Time -Tested 
Stuart Product 


STUART serce goes 


D. 


est 


with eerg barred 


A. Stuart Gil co. 


ees 


2743 SOUTH TROY STREET. CHICAGO 23. ILL 





Pe ote 


ANCIENT WAY 
! 


\ 


| 4 (, 
OLD-FASHIONED WAY wal 


Hand operated equipment is out- 
of-date in this highly competicive 
Packer-Matics 


meet the challenge for greater pro- 


world. Automatic 
duction at lower operating costs 
Here’s why: Packer-Matics polish, 
buff, deburr automatically. Inter- 
changeable heads permit use of 
buffs, polishing, wire, tampico wheels 
or abrasive belts. Simplicity of set- 


up and ease of operation speeds 


A 


polish and buff? 


production...insures perfect finishes 


on varied work. Vital parts are 
lubricated and protected in dust 
proof oil reservoir to reduce wear 
and maintenance costs. 

Packer- 


Matic preference by men who are in 


These are reasons for 
step with the times 

Our engineering staff invites your 
Write to Packer Machine 
Co., S. E. Div., Meriden, Conn 


inquiry 








icker-Matic 


AUTOMATIC MACHINES FOR BUFFING @ POLISHING # DEBURRING e GRINDING 
THE PACKER MACHINE COMPANY @ MERIDEN, CONN. 
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COMPARISON AKL 
Cold Rolled Steel as against Stainless Steel 


COLD ROLLED STEEL 


tin Cnt ae Fi iitetintencctcctinnticbtninemiions 
Experienced life of tools 
taining dies, pro-rated basis. 


1 Punch Press Operations ........................0.. ; aintiediaeans 
Proparation for Charen ..........00.0-:<-ccssscseesessessoesesees 
. Polish cold rolled before plating to remove “peel” 


and prepare finish to take clear color. 
a earcicsc en eseasrenctuiineiesinnueetal ‘ 
including depreciation of equipment. 


+ 
I ini soctacrtitinsnsphininceinseatinnnniniasonsilianinineianasennnena — 
Material scrapped because of “prohibitive cost “of 
RE stripping and re-chroming. 


Inspection .......... , aiieapalistailiantais 
Assembly line hold-u “UPS ........ ee ee : 
Costs over Time Study standard hour due to “built- 


up” pieces and chrome flashes interfering with as- 
sembly. 
Finished units rejected or returned 


due to chipped or peeled plating resulting i in “sec- 
onds” on line. 


Cost of material 025” Stock . 
less scrap value. 
4] Total 
5 











Here's where 











1 ute Stain loss. Staal, 2 


ANALYSIS OF COSTS 


as experienced by Dart Mfg. Co., Mason, Mich. 


STAINLESS STEEL 


Basic Cost of Tools 





Experienced life of tools plus average cost of main- ~ 


taining dies, pro-rated basis. 
Punch Press Operations 
Polish and Buff 





PUNCHING 


including depreciation of equipment and re-running 


of faulty buffing. 


Inspection 


Cost of Material .020” Stock 
less scrap value. 


Cold Rolled Total Costs...... 
Stainless Total Costs........... 


POLISHING 
a 


..- $2918 
1670 


Actual Experienced Savings. ..... . 3.1248 per case 
Percentage Reduction in Cost 42.7% 


HE “Metro-Meter” is a little device 
T you'll soon be seeing a lot more of 
It’s a dial-reading steel rule with built- 
in scribe that men just naturally “take 
to” because it’s practical, obviously use- 
ful, and, encased in Stainless Steel, is 
permanently good looking 

It’s the case we want to talk to you 
about. Originally it was made of cold 
rolled carbon steel, chrome plated The 
steel, itself, was inexpensive. But by the 
time it was prepared for plating, and 
plated—after the costs for rejections and 
returns due to over-plating, under- 
plating, chipping and peeling were added 
—each case cost a little over 29 cents. 


By using lustrous satin-finish Stainless 
Steel in place of cold rolled carbon steel, 
however, all plating costs as well as rejec- 
tions and returns were eliminated. Even 
though the initial cost of the Stainless 
Steel used was about five times that of 
the carbon steel formerly used, the final 
finished cost in Stainless was exactly 16.7 
cents per case—a saving of almost 12 
cents each, which means a 42.7% «reduc- 
tion in cost 

What is more, with the magic word 
“Stainless” now stamped on the case, an 
almost irresistible plus has been added 
Sales for the “Metro-Meter” which form- 
erly had been good, immediately became 


considerably better. Thus, Stainless has 
done here what it has done for many 
other products — improved appearance, 
increased durability and reduced sales 
resistance. And in this instance, it has 
actually reduced costs as well. In short, 
a product made of Stainless Steel does 
not necessarily cost more—it only looks 
as though it did 


We would be glad to have the oppor- 
tunity to show you where U-S-S Stainless 
Steel can be applied to improve your 
product — to increase its desirability 
and, more often than you may expect, 
to reduce its cost as well 


AMERICAN STEEL & WIRE COMPANY, GEWERAL OFFICES: CLEVELAND, OHIO 
CARMEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH & CHICAGO 
COLUMBIA STEEL COMPANY, SAW FRANCISCO WATIOWAL TUBE COMPANY, PITTSBURGH 
TENNESSEE COAL IRON & RAILROAD COMPANY BIRMINGHAM 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST 
UNITED STATES STEEL EXPORT COMPANY NEW YORK 


U-S°S STAINLESS STEEL 


SHEETS - STRIP 
PIPE - TUBES - WIRE 


PLATES - BARS BILLETS 


SPECIAL SECTIONS 
U N 


1TtTeED STATES 


United States Steel Corporation Subsidiaries 
Room 2061 Carnegie Building, Pittsburgh 30, Pe 


Please send me the new book, “An Introduction to 
U-S-S Stainless Steel.” 


Please have « Stainless representative call on me 
Name 
Position 
Company 
Address 


City Zone State 


SS. Fe EA 





6000=/hr. of Copper Alloy Strip 26° wide 
x .025° Continuously Annealed in 
Drever Vertical Furnace 


Furnace annealing capacity of 

- copper alloy strip ranges from 
3100 lb/hr of .0035” to 6500 
lb/hr of .050” strip. 

The complete line includes pay- 
off mechanism, strip joiner, contin- 
uous degreaser, 360 K.W. vertical 
annealing furnace with charging 
and discharging loopers, contin- 
uous flash pickling equipment 
(both acid and bichromate tanks), 
recoiler mechanism and controlled 
atmosphere generator. 

Continuous annealing of both 
ferrous and non-ferrous strip offers 
production economies and a con- 
sistently uniform anneal which 
merit investigation. 


DRYER 


790 E. Venango Street, Phila. 34, Pa. 
New York & New England—Gerald B. Duff, 68 Clinton Ave. Newark 5, N. J 
W. Penna .W.N_Y. and Ohio—H.C. Bostwick, 3277 Kenmore Rd., Cleveland 22, Ohio 
lowa, Minn. & Wis. —Walter G. Barstow, 1302 Fifth Ave. South, Minn. 4, Minn 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 
Use the prepaid postcard on this page to obtain the helpful literature described 
on these two pages. 





19. Furnaces 28. Heat Treating 
Cit eo 
Sesicamnpncns steel ee 
20. Furnaces, Brazing oe 
weitere ee none, 
21. Furnaces, Controlled 
tmosphere 


32. Heating, Induction 
tetin 1410. Blacromics Din "Uiedbers Raghace- 


33. Heating Units 








| | 


‘ 
i 


i 
| 


; 
: 
SS 
of 
8 
i 


| 
: 
Lis 





ichel Co. 
13. Cutting Oils 
For the right combination to suit your specific 
write for the ‘6 
Fluids for Better Machining’. D. A. Stuart Ol Co. 


14. Electrodes, Welding 


| 
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Ne Pestage Stamp Necessary If Mafled Im the United States 
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METAL PROGRESS 
7301 Euclid Avenue 
CLEVELAND 3, OHIO 











WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





37. Industrial Chemicals 





and diversity of manufactured items. Haershaw 
Chemical Co, 


38. Instruments, Selection 

Revised bulletin 98170 answers numerous 
requests for information on bie Guide to 
re, nae Selection”. ‘eylor Instru- 


39. Lab Furnaces 

N furnaces for laboratory and research 
on ee dey Bulletin HD-635 and HD-S46. 
Hens Duty Electric Co. 


40. Lab Shaker 


41. Lubrication, High 


Temperature 
eratures with "dag colloldal graph 
discussed in 


literature. A. 


parts manufact 


43. 

Complete new line of 15 models in stereoscopic 
wide field microscopes described and fully illus- 
gene fo Dees Se SSNS a ‘Seen 
Bausch & Lomb Optical C 


44, Mounting Press 


“Precision’ 
which sim 
mounting ~ ae plifies specimen ror ney y= * 
Precision Scientific Co. 


45. Oil Standby 


ing details to gives specifications and engineer- 
of oil standby copapanent, to ~~} ~ plant 
having two fu —, 


= gas weg he ty equi it pene 
over onsen Sel citoann. Seryace "4 





in fe pellctin Usted 
Chromium, Inc. 


49. Plating, Copper 

New folders on bright 

with daca sheets and ‘operating ormation, — 
ing. MacDermid, Inc. 


50. power eI and Buffing 
smail lot. polishing we and balling Jobs described in 
Pacher Machine Co. 

51. Potentiometer, Portable 
This potentiometer, available in a — of 

ranges up to 4 volts, is with other 

ath in bulletin 270 and 270A. Rubi- 
con 


52. Potentiometers 





control forms, and other data 
mentation. Copy will be sent on request 
Brown Instrument Co. 


53. Powder Metal Parts 


product of as inch din voleai 

a . t 
niled States Graphite Co. 

54. Presses, Powder 

compacts from pow- 

comp-essing pressures. 





mater 
Kux Machine Co. 


55. Presses, Powder Metal 
New leaflet describes oe ag age powder metal 


Send f 
Dresses. oS ae = 


@ If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 


METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


January, 1949 





oceans ouabwnw- 





43 57 71 
44 58 72 
45 59 73 


4 60 Name 


Please have literature circled at the left sent to me. 


Title 





47 61 
62 Compeny 





63 
65 


64 Products Manufactured 





66 
67 Address 





69 
70 City and State 











Postcard must be mailed prior to April 1, 1949— 
Students should write direct to manufacturers. 


Regulators, Atmospheric 
cures 18 cofv-cnat atmospheric repulence fer tow 


regulator 
Caiten: North Americon Meco 


such as, 
the Water for Wet Spray 
lean Wet Spray 


‘Stabilizer, an: gl 
New yar hermetically-sealed stabilizer al 
both line and fi 
J my ~J serene. Dutgnet ker or 
ogmed, Wy bulletin Turnished on request. Raythoos 


Mfg. Ci 
67. Steel, Alloy 


Sr ae 2 teregiiey pee wits nenety tttes the 
yield strength of ordinary struct: steel, de- 
scribed in bulletin 11. Inland Steel Co. 


68. Steel, Cold Finished 


Many crane S Onto dete te oh 
superior accuracy and service fi 
are described in 
Steel and Tube Div., Timken Roller 
Bearing Co. 


70. Steel, Stainless 


72. Testing 


Bulletin 291 be | cartoon sketches 
showing effect of dynamic and cyclic stresses on 
and emphasizing the need 

testing and materials 
A. methods. Baldwin Locomotive 


73. Welding, Arc 
contains latest information on induction 
Electric Are, Inc. ~ 4 


pany machine 








WHEREVER 


®@ “National” carbon is now firmly 
established for blast furnace linings. 
It is being used outside the furnace as 
well —wherever there is contact with 
molten material—for the splash plate, 
runout troughs clear down to the ladle, 
skimmer plate, cinder notch liner, and 
cinder notch plug. 
The reasons? 


“National” carbon has no melting 
point. It is highly resistant to slag at- 
tack and thermal shock ... not wet by 
molten metal ... has a low thermal ex- 
pansion ... and maintains its mechan- 


ical strength at elevated temperatures, 


THE HOT STUFF HITS 





For the rvnovt t 





Use “National” carbon inside and out- 
side your blast furnaces and you cut 
down maintenance, speed up produc- 
tion and save money. For more in- 
formation, write to National Carbon 
Company, Inc., Dept. MP. 


The term “National” is a registered 
trade-mark of National Carbon Company, Inc. 





NATIONAL CARBON COMPANY, INC. 
Unit of Union Carbide uCcC) and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 


Division Sales Offices: 
Acianta, Chicago. Dallas, Kansas City, New York, Pittsburgh, San Francisco 


These products sold in Canada by Canadian National Carbon Company, Lid., Toronto 4 
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AMERSIL SILICA HYDROGEN FROM 
YORROSION* 
COMBUSTION TUBES sca 


(Continued from p. 88) 
parts fail because of embrittlement 
High temperature, moisture, and 
the release of hydrogen by corro- 
sion furnish atomic hydrogen to 
the metal surface. 

Blister formation is ascribed to 
the different diffusion characteris- 
tics of atomic and molecular hydro- 
gen. Atomic hydrogen diffuses 
through the steel and combines to 
form molecular hydrogen at voids 
or discontinuities in the metal. The 
molecular hydrogen is trapped and 
builds up pressure. 

Blistering, embrittlement and 
COMBUSTION FOR ACCURATE failures in refining and processing 
WHEN REQUIRED BOATS READINGS equipment can be minimized 

tubes can be fitted with Tronsparentortranslucent Thermocouple wells can through the use of materials ore 

transparent sections are available be included corrosion resistant than ordinary 
Write to-day for more complete information on Amersil steel, the use of protective coatings, 
combustion tubes. improved homogeneity of the steel 

<Pende teiaie Ginlatanie and by controlling the environ- 
ment, as by removing hydrogen 
sulphide. The use of a carbon steel 

fAX A | E 14 =i L co ay | | Le Da . 4 | ‘to inner shell is suggested also. This 
ss " J Steric eres ws shell would be subject to blistering 

| ENGELHARD and embrittlement but the outer 

. - HILLSIDE 5, N. J. shell, which furnishes the struc 
tural strength, would not because it 
would not be in contact with the 
RED AT THE ENEmy corrodent. Holes drilled in the 


outer shell would permit the hydro- 





withstand severe thermal shock, are non-contaminating, and may 
be used continuously at temperatures up to 1100° C. They may 
be further used for short periods at temperatures up to 2000° C. 
They are inert to all metals and metal oxides, and impervious 
to £ases. 

Amersil combustion tubes are available in standard sizes, or 
special sizes on short notice, with ends finished for rubber 
stoppers or one end reduced for hose connection. 


CHESTNUT AVENUE 





. gen to escape. 

\e8 bit the hand thas Jn addition to hydrogen  sul- 

N fed - phide, the elements sulphur, arse- 
er nic, selenium, tellurium, antimony 

and phosphorus in the process 

liquor promote damage by hydro- 

gen. Perhaps effective inhibitors 

will be found or developed. 


“Lacking proper heat 
treating, the early can- 
non often exploded 
like a bomb among its 
own hapless crew. 
amie + Ay moses - > * 
urst wit . . - ] J r 4 i J 
ing a salute 1-4 DESI I J I It RIZA I ION 


of York. 








Science accurately fortifies your steel at Lakeside | 1.sc suxrenes normally used in 


. . P ‘ . openhearth and are furnaces are 
Our Services: phecronic tn. A€cutacy is a prime essential for steel treating often ineffective when applied in 


duction Hardening, Flame Harden effectiveness. Each steel part failure in the high-frequency induction furnaces. 


ing, Heat Treating, Bar Stock . 8 . +> . 
Treating and Straightening (mill past wasa challenge to Science. And Science The temperature of the slag is too 
low for rapid action and it has a 


arr ced case) Aonertine, Stzsce answered with controls—automatically oper- 
of Liquid Carburizing. Nitriding, ated by electronics—so that now, every phase highly corrosive effect on the lining 
manizing, ¢ yaniding, Sand iwiae of putting backbone * into your high-per- of the crucible. The use of sodium 
a oom formance steels is of unvarying precision. carbonate, so effective in desulphu- 
rizing foundry iron, leads to poor 
results because of the volatilization 
of sodium at the temperatures of 


eee Lakeside’s modern steel treating facilities 
(Continued on p. 92) 


Approved Steel Treating Equip represent some of the latest scientific advances 
*Abstracted from “Contributions 
° to the Problem of Desulphurization 
in a High-Frequency Furnace”, by 


ment by U.S. Air Fors S l . 
No. DE-S-24-1 through 30. for your benefit. 
AL H. Haemers, Revue de Métallurgie, 
@ sais taKesive AVE, CLEVELAND 14, OHIO HENDERSON 9100 1948, p. 211-214. 
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3 WAYS 
PHOTOGRAPHY 
STOPS TIME 


I. HIGH SPEED STILLS—taken as fast as a mil 
lionth of a second—give sharpest possible detail 
of an instant of motion. Recording these calls 
for the greatest photographic sensitivity or 
“‘speed’’—speed such as is found in the fastest 
of Kodak sheet films, Kodak Super Panchro 
Press, Sports Type. In the illustration (1/100,000 
second), spray from a lacquer gun is ‘‘stopped’”’ 
to study dispersion of material. 


2. HIGH SPEED MOVIES—slow down action far 
too fast to see otherwise—can expand 1 second 
of motion into 4 minutes of viewing time. For 
this the extremely fast, fine-grained Cine-Kodak 
Super-XX Panchromatic Film is specially 
spooled for high-speed cameras. The three frames 
in the illustration are from a high-speed film 
showing the action of a tire striking an obstacle 
at high speed. 





3. RECORDING OSCILLOGRAPH TRACES—to 
record high-speed action translated into cathode 
ray oscillograph patterns, there are the extremely 
fast Kodak Linagraph Pan Film for blue-emitting 
screens and Kodak Linagraph Ortho Film for 
green-emitting screens. These are spooled for 
still cameras and high-speed movie cameras. Also 
for cathode tube traces, there is Kodak Lina 
graph 1127 Paper. For moving mirror oscillo 
graphs there is Kodak Linagraph 697 Paper. 
These papers have a smooth luster surface that 
takes pen or pencil notations readily. In the 
illustration the upper trace represents the pres 
sure of detonation in the cylinder of a knocking 
gasoline engine—the vibrations in the lower trace 
have a period of about 1, 100,000 second. 


FUNCTIONAL Should you have any questions on photographic 


materials used in high-speed studies—or in any 


PHOTOGRAPHY other branch of scientific or industrial photog 


raphy, we shall be glad to have you write us. 


. +. is advancing EASTMAN KODAK COMPANY f 
scientific technics ROCHESTER 4, N. Y. 


‘‘Kodak"’ is a trade-mark 
~ \Kodalk 








WORLD’S LARGEST 
PRESS BRAKE... 


In building the world’s largest press brake, Warren City Manu- 


facturing Company made sure of top quality welding by using 
Murex Electrodes. 

This huge unit, of fully stress-relieved welded steel con- 
struction weighs more than a half million pounds without dies. 
It is designed to exert a pressure of over 1,000 tons for bending 
steel plate 5” thick to a right angle and in a single stroke in 
lengths up to 36 feet. 

Manual welding involved the equivalent of 40,000 feet of 
14,” fillet welding requiring more than ten thousand pounds 
of GENEX, FHP and HTS rod. 


M & T can be of help to you .. . Ask for a representative to call and 
check over your welding operations 


METAL & THERMIT CORPORATION 
120 BROADWAY @ NEW YORK 5,N. Y 


muR eX WELDING gerecrRroDeES. 
wet ELECTRODES ong Gas 2OOS 


aat WELDING ACCESSORIES. 
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DESULPHURIZATION 





(Continued from p. 90) 
molten steel. The author’s experi- 
ments with mixtures of 200 g. neu- 
tral sodium silicates with 50 g. 
sodium carbonate and 10 g. powdered 
manganese per 10 kg. of metal, using 
double, triple and quadruple slagging 
at temperatures between 2840 and 
2900° F., permitted the sulphur con- 
tent to be reduced from 0.09 to about 
0.025¢° in from 50 to 100 min., which 
is too slow. 

The author mentions the work 
of T. B. Winkler and J. Chipman, 
who raised the temperature of the 
slag by heating it with an overhead 
arc in a vacuum, and remarks, quite 
justly, that the method could not be 
conveniently applied industrially 
He himseif heated his slags by 
immersing graphite electrodes into 
them and sending through some 100 
to 150 amp. at 50 volts 

The author believes that he 
solved the problem by forming a 
slag of calcined dolomite with 20+ 
calcium fluoride. Scrap metal with 
0.09% S was reduced to 0.034% §S 
in 10 min. and to 0.007 in 25 min 
Phe carbon content rose by 0.025¢ 
on the average 

His furnace of 20-kg. capacity 
was lined with magnesia wetted 
with sea water and carrying 5% 
silica. He found this lining mechan 
ically strong and virtually immune 
to the action of the slag used. 





EFFECTS OF WETTING 
ON STRENGTH* 








TH INVESTIGATION reported 

was initiated in 1931 when key 
pins in the shaftings of some gen 
erators in a Swedish power station 
failed for no obvious reason. There 
was no corrosive medium, and no 
excessive stresses could develop 

It was remembered, in connec 
tion with these failures, that Smekal! 
had found glass to fail under rathet 
low stresses (in bending) when 
wetted with certain liquids, and 
also that glass could be cut without 
cracking extensively when undets 
water For that reason Benedicks 
undertook to study the effects of 

Continued on p. 9% 
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FOR IMAGINEERS ALCOA’S IMPACT EXTRUSION 


PROCESS OFFERS CHALLENGE 10 : 
Jmprove your produc, cut your costs « 


In a fraction of a second, a slug of aluminum becomes a 
semifinished part, in the Aleoa Impact Extrusion Presses. 
Here, formed in one swift stroke, can be a housing, or shell, 
or body, or cylinder: strong, stiff, ready for final assembly 
operations. A part with sides and bottom integral; as large 
as 5” in diameter, 16’’ long! 

Eliminate expensive, time-consuming operations. Shapes 
that formerly required assembly of two or more parts are 
produced at high-production rates. Bosses, lugs, stems, and 
necks may be formed integrally with the shape, in the same 
operation, 

In one stroke, an Aleoa Impact Extrusion can revolutionize 
production and assembly of your product; can add beauty of 
line and form that boost sales. A quick glance at the possi- 
bilities shown here should prompt you to write for the new 
booklet “Alcoa Aluminum Impact Extrusions”, or phone your 
nearest Alcoa sales office. ALUMINUM Company OF AMERICA, 
2101 Gulf Building, Pittsburgh 19, Pennsylvania. 
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page book today! 
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(Continued from p. 92) 
wetting on steel. In order not to 
blur the results by plasticity effects, 
the tests were made on thin (1 to 2 
mm.) strips of water quenched 1.2 
and 0.7% C steels and on strips of 
commercial 13% Cr steel. The chro- 
mium steel was tested for endurance 
when wetted with water only, and 
it was found that the endurance 
limit decreased by 40 to 60%. The 
other two steels were tested in bend- 
ing with the Chevenard microtesting 
apparatus. As many as 20 samples 
were tested for each steel, and the 
results were rather regular, showing 
that there are numerous liquids 
which definitely decrease the re- 
sistance to bending without produc- 
ing any corrosive effect and that 
there are others which just as defi- 
nitely increase the resistance. Water 
and alcohols belong to the first 
group; oils, petroleum, kerosene, 
benzene and aqueous solutions of 
NaOH, to the second group. 

The author offered the following 
theoretical explanation: If a liquid 
stays on the surface of the metal 


without descending into the tiny 
fissures (pre-existing or forming 
during the test) it causes the inter- 
atomic forces to be partly deflected 
from the metal toward the liquid 
and so decreases the resistance of 
the surface layers. If, however, the 
liquid fills up such fissures it acts 
as a sort of glue, thus adding to the 
resistance that might disappear if 
the atomic distance were increased 
beyond 1.28 A for iron and 1.74 A 
for lead. (These distances seem to 
be the atomic radii of iron and 
lead.) 

Reviewer's REMARKS: It seems 
to this reviewer that Professor 
Benedicks’ theory cannot be = ac- 
cepted. A molecule of alcohol, 
water, or oil is larger in every di- 
rection than the mentioned atomic 
radii. It is most unlikely that any 
of these liquids could penetrate into 
a fissure 1000 A wide. Liquid 
mercury will not descend into a 
tube less than 0.1 mm. in diameter 
and molten platinum will not leak 
into a crack 1 mm. wide and 20 mm. 

(Continued on p. 96) 
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Any metal saw will perform better with PORRMEL BL 


e Service 


f 
ES because: 


MARVEL High-Speed-Edge Hack Saw Blades are both high-speed 
and positively unbreakable. Composite construction (high-speed- 
steel cutting edge welded to tough alloy body) permits higher 
cutting speed, heavier feeds, tauter tensioning and assures long 


blade life. 


MARVEL High-Speed-Edge Hole Saws have extra strength 
needed for drill press and lathe use. Rapidly cuts holes from 
to 42 dia., to depth of 1's in steel. 

MARVEL Band Saw Blades come individually boxed—protected 
against kinks or rusting—to exact size for each make and model 


sawing machine. 


Write for MARVEL Saw Blade Catalog. 


Mell Calting 
ny 


ARMSTRONG-BLUM MFG. CO. 


The Hack Saw People'’ 


5700 Bloomingdale Ave. 


Chicago 39, U.S.A. 
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HARDNESS TESTER 
Beller Engineered 


for Better 
“Rockwell” Testing 


Medel C4A 
$450.00 F.0.B. Derress 
Complete with diamond penstrater 


For your “Rockwell” test- 
ing, you want an instru- 
ment that gives you results 
of unquestioned accuracy. 
Years of research have 
gone into making the CLARK 
Hardness Tester just such a 
precision instrument. 

The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
tain. Compare the CLARK 
and see for yourself how 


much more it has to offer. 





INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigan 





PROBLEM: 
Reducing weight meant reducing 
ladder 


That's why the manufacturer con- 


handling costs of this 


sidered another 


He 


heavy, 


substituting 


material for wood. found 


wood 


unnecessarily and 


subject to warping, rotting and 


splintering 


this new study today. 


New York ¢ Bostor 
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A REVEALING NEW BOOK — 


Here's the inside story on how monvufacturers of a wide range 


of products have ae that it pays to use magnesium. It's a book of actual case studies of 


ful 


" 





PP 


—a book that will be of direct interest to you. 


nesium Pays 


IN MANUALLY HANDLED EQUIPMENT 


SOLUTION: Magnesium extrusions are welded, riveted or 
bolted together to make a variety of sizes 
stepladders to 24’, 32’ 46’ 


nesium first provides lightness. 


ranging from 
extension Mag- 
The 24’ extension ladder 
in wood weighs 63 pounds —in magnesium only 28 pounds 
Second, 


and ladders 


by eliminating rotting, warping and splintering, 
greater durability has been achieved in the magnesium 
type. Since the properties of magnesium are more 
uniform than those of wood, more efhiciently 


designed sections can be used. 


YOU, TOO CAN MAKE MAGNESIUM PAY! 
Magnesium poys for others—it can pay for you. Get the facts—send for 


MAGNESIUM DIVISION, THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
Send me the study MP 49-15 “How Magnesium Pays,” without obligation. 


MAGNESIUM DIVISION « THE DOW CHEMICAL COMPANY « MIDLAND, MICHIGAN 


* Philadelphia « Washington @ Cleveland © Detroit * Chicago © St. Louis 
Houston « Son Francisco @ Los Angeles © Seattle 
Dow Chemical of Conada, limited, Toronto, Conada 


L. 2 wee eee eo oreo seaue 
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A size OT Pittsburgh Lectromelt Furnace shown with the 
roof in raised position and swung aside for charging. This 
size Lectromelt has an hourly rating of six tons and normally 
pours 12 to 15 tons per heat. The Lectromelt OT is, particu- 
larly popular for use in making billet size ingots and its 
output capacity is approximately that of a 100 ton open 
hearth furnace operated continuously on batch cold melt 
pig and scrap basic or acid working. Note particularly the 
four point roof suspension, large diameter roof ring, hy- 
draulic tilting mechanism and power-operated electrode 
clamps—all features which provide efficiency and durability 
in operation. 


For complete information on Lectromelt furnaces in sizes 
ranging from 100 tons to 250 pounds, write today to 


PITTSBURGH LECTROMELT FURNACE CORP. 
PITTSBURGH 30, PA. 


are manufactured in: CANADA, Lectromelt 
Furnaces of Canada Ltd., Toronto 2; ENG- 
LAND, SWEDEN, AUSTRALIA, Birlec, Ltd., 
Birmingham, England; FRANCE, Stein et 
Roubaix, Paris; BELGIUM, S. A. Belge, Stein 
et Roubaix, Bressoux-Liege; SPAIN, General 
Electrica Espanola, Bilbao; ITALY, Forni 
Stein, Genoa 


Vietal Progress: Page 96 








EFFECTS OF WETTING 
ON STRENGTH 





(Continued from p. 94) 

long in the bottom of a furnace lined 
with blocks of calcined limestone 
The design of certain piston-oper- 
ated vacuum pumps has been based 
on the fact that oil or mercury will 
not penetrate narrow clearances. 

The negative action of water on 
the strength of steel, glass and mica, 
as well as the positive action of oils 
and hydrocarbons, must remain at 
present an unsolved, though rather 
interesting, problem. Ordinary ten- 
sile tests should be made in order 
to see whether those effects remain 
quantitatively noticeable for ordi- 
nary steels, not merely the highly 
stressed, strictly martensitic thin 
strips tested in bending, where the 
resistance of the surface layer is 
the main factor in the observable 
strength of the samples. The key 
pins in the shafts that failed were 
scarcely so high in carbon or s 
martensitic in structure. M. G. ¢ 





Fe-Cr-Mn ALLOYS* 





THs Was an experimental study 

of the 0.6 and 1.4% Mn sections 
of the iron-chromium-manganese 
system up to 22% Cr. The alloys 
were made in an aluminum oxide 
crucible in a high-frequency induc- 
tion furnace from Armco iron, elec 
trolytic chromium and _ electrolytic 
manganese, 

Dilatometric analyses were made 
on a Chevenard dilatometer for the 
annealed alloys, employing heating 
and cooling rates of 200° C. (360° F.) 
per hr. within the range of tempera- 
ture from 200 to 900°C. (392 to 
1652° F.). The alpha-to-gamma 
transformation failed to occur in 
0.6% Mn alloys containing 14.56% 
Cr or more, and in the 14% Mn 
alloys this transformation § disap- 
peared beginning with the 15.53% 
Cr specimen. The minimum point 
of the gamma loop was found to be 
at about 8% Cr in both the 0.6 and 
1.4° Mn alloys. 

(Continued on p. 98) 


*Abstracted from “The Influence 
of Manganese on the Polymorphic 
Transition in Iron-Chromium Alloys”, 
by A. T. Grigor’ev and D. L. Kudry- 
avtsev, Bulletin of the Academy of 
Sciences (U.S.S.R.), Chemical Science 
Section, No. 4, 1947, p. 329-335 
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COLD DRAWN ALLOY STEEL BARS 


Hard-working steel parts last longer and cost less in 
the end when made of Republic Alloy Steels . . . because 
these steels are exceptionally high in strength and tough- 
ness, and respond uniformly to hardening treatment. 


But that’s only part of the story. When used in cold 
drawn bar form, these steels also provide the close 
tolerance, accuracy of section, fine surface finish 
and UNIFORM MACHINABILITY of Union Cold 
Drawn products that make possible further savings 
in steel parts costs. 


" GENERAL OFFICES « 


In Republic Cold Drawn Alloy Steel Bars you'll find 
all popular analyses—all standard sizes and shapes—and 
a wide variety of furnace treatments (annealing, normal- 
izing, spheroidizing, stress relieving and carbon cor- 
rection). And in Republic's metallurgical service you'll 
find the help you need to get best results. Write us. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, New York 


ALLOY STEEL BARS 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Belts and Nuts, Tubing 
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/GORDON 

THERMOCOUPLE 
EXTENSION 
LEAD WIRE 


There are two good reasons why we stress 
Gordon Quality and Gordon Service. (1) 
The precision quality of Gordon Thermocou- 
ple Extension Lead Wire is based upon 32 
years of experience in careful selection and 
inspection to meet rigid insulation require- 
ments. (2) Gordon's Chicago and Cleve- 
land plants carry complete stocks of Ther- 
mocouple Extension Lead Wire for practi- 
cally every application. (See illustrations 
below.) This means that your order gets im- 
mediate delivery of ac QUALITY product— 
one that meets Bureau of Standards Specif 
cations. ORDER NOW! No waiting or de 
lay. Prices available upon request 
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CLAUD S. GORDON CO. 


Specialists for 33 Years in the Heot-Treating 
and Temperature Control! Field 


Dept. 15, 3000 South Wallace St. Chicago 16, IN 
Dept. 15, 7016 Euclid Avenue © Cleveland 3, Ohio 
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Fe-Cr-Mn ALLOYS 





(Continued from p. 96) 

The temperature of the trans- 
formation that occurs on cooling 
(gamma to alpha) falls continuously 
in proportion to the chromium con- 
tent. This is the behavior charac- 
teristic of an “open gamma loop”. 
The alloys in this group were later 
shown to be in the martensitic 
condition. On the other hand, the 
transformation on heating (alpha to 
gamma) proceeds like that charac- 
teristic of a “closed gamma loop”. 
The temperature hysteresis evi- 
dently increases with increasing 
chromium content and reaches 
400° C. (720° F.) at 11.27% Cr. 

Hardness tests were made on 
specimens homogenized at 1200° C. 
(2192° F.), annealed for 15 days at 
the temperature in question, and 
then quenched. The hardness and 
dilatometry data show thar the 
effect of increasing manganese con- 
tent on the gamma loop in iron- 
chromium alloys is to widen the 
two-phase region and to shift the 
loop to lower temperatures and 
higher concentrations. Microscopic 
studies supported these conclusions. 

The electrical resistance of the 
annealed alloys was determined at 
room temperature. A minimum was 
observed at 5.5% Cr in the 0.6% Mn 
alloys, and at 17% Cr in the 1.4% 
Mn alloys. These data failed to cor- 
relate with the hardness results, and 
the discrepancy was attributed to 
nonequilibrium conditions. 





Fe-C-Be ALLOY S* 





STARTING WITH molten white 

iron of 3.65% C, 0.25% Si and 
0.25% Mn, adding to it Armco iron 
in order to reduce the carbon con- 
tent or electrode carbon in order to 
raise it, the author examined the 
effects of up to 3.88% Be on cast 
iron cast in dry sand molds. Seven 
of his alloys had about 3.2% C, four 
had about 4.4% C; two alloys with 
3.4 and 3.7% C were used, appar- 
ently, as blanks. The resulting al- 
loys were examined as cast, as oil 
quenched from 1740°F. and as 

(Continued on p. 100) 


*Abstracted from “The Constitu- 
tion and Properties of Iron-Carbon- 
Beryllium Alloys With More Than 
3% Carbon”, by M llay, Revue de 
Métallurgie, 1948, p. -2! 


Metal Progress; Page 98 

















What is Pangborn Hydro-Finish? 
It's the new, versatile impact 
blasting process that uses a fine 
mesh abrasive suspended in 
water, yet holds tolerances of 
the work to .0001 inches 
What Hydro-Finish can do for you 
Pangborn Hydro-Finish can help 
you three ways, by improving 
surface finishes, by removing 
oxide scale, by lengthening tool 
nd dic ife through proper 
maintenance. Here's how 
In the Production Line... It eli 
nates many tedious finishing 
operations. It reduces cost and 
time involved in buffing. It : 
proves fatigue life of the metal 
parts it finishes. It cuts many 
varied manufacturing costs 
In the Tool Room... New Hydro 
Finish simplifies the manufac 
ture and maintenance of tools, 
dies and molds. It reduces usual 
stly handwork and produces 
1 surface virtually free from 
directional grinding lines 
Write today for details about the 
new Pangborn Hydro- Finish 
Cabinet. PANGBORN COR 
PORATION, 1204 Pangborn 
Blivd., Hagerstown, Md 
k to Pangborn For All Latest 
r r in Blast c eanir 


n ‘ 
t Control Equipment 


BLAST CLEANS CHEAPER 
with the right equipment 
for every job 





The gains made by this company* in soldering kitchen utensil 
assemblies are profitable from any angle 

They saved $6,384 every 28 working days. They slashed 
power costs heavily. They cut rejects. They reduced polishing 
time sharply. And they stepped up production from on 
utensil per man-hour to 600 per man-hour'! 

The skillful application of work-handling equipment and 
Westinghouse radio frequency heating did all this. The team- 


(Ce 


ing of motion and electricity by Westinghouse engineers in 
this example paid off the original investment in 60 days! 
Make kitchen utensils or build radio cabinets, it’s all the 
same. Combine motion and electricity properly and you have you can 6€ SURE .. iF rs 
a new production giant. We 4: h _ 
Want proof? Fourteen case histories in booklet B-3620A esting) Ouse 
give you facts, cite figures, demonstrate how Westinghouse 
engineers blend motion and electricity to give you this pro- 
duction wizard. Write for it. It’s an important contribution to 
production management. Westinghouse Electric Corporation, 
P.O. Box 868, Pittsburgh 30, Pennsylvania. J. 


Westinghouse 


PLANTS IN 2 


OFFICES EVERY WHERE 


R.F. HEATING 


MORE PRODUCTIVE POWER FOR INDUSTRY 
—aee 
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WARREN'S CROSSVILLE, ILLINOIS PLANT 


WARREN PETROLEUM CORPORATION 


\ TULSA, OKLAHOMA 





IMMEDIATE DELIVERY 


52100 


STEEL TUBING and BARS 


PETERSON STEELS, INC. maintains the largest stock of 
high carbon-chrome (52100 type) steel, seamless tubing 
and round bars in the country. More than 200 sizes of 
tubes from .875” O.D. to 8.231” O.D. Bar stock from 
171” round to 7.5” round. 


Ring forgings also supplied quickly — any analysis, any size. 
WRITE FOR CURRENT STOCK LIST 


Contains full information on all available sizes, finishes, 
etc. Write today, on your business letterhead, for your copy. 


PETERSON STEELS.INC. 


Dept. B, 420 Lexington Ave. « NEW YORK 17, N.Y 
Telephone: MUrray Hill 5-1560 


NEWARK,N. J. «¢ DETROIT, MICH. e CHICAGO, ILL. 
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Fe-C-Be ALLOYS 





(Continued from p. 98) 
nitrided in the ordinary manner. 

The micrographs are not con- 
vincing; the highest magnification 
is only 350. The tabulated results 
of the micrographic investigations 
are not quite concordant either. It 
seems that the author established in 
a general manner the graphitization 
effects of small additions of beryl- 
lium (up to 1% perhaps), the forma- 
tion of a double cementite (carbide 
of iron plus carbide of beryllium) 
up to about 2% Be, and the increas 
ing preponderance of a separate 
beryllium carbide above 2% Be. 

The author's hardness tests seem 
to prove that increasing amounts of 
beryllium increase the capacity of 
the metal to form martensite on 
quenching. which effect can offset 
to a great extent the softening 
caused by the formation of graphite. 
They show also that the white irons 
containing beryllium can be nitrided 
to a considerable extent, although 
beryllium cannot compete with alu 
minum either in price or effect. 

REVIEWER'S CONTRIBUTION: In 
connection with the above abstract 
it might be interesting to mention 
some work done in 1942 on bery!- 
lium steels, but never published 
because it was neither completed 
nor checked by a complete chemical 
analysis. Five series of steels were 
prepared carrying no alloying ele- 
ment, 2% Mn, 2% Ni, 2% Cr, and 
5% W, respectively. The carbon 
contents were (nominally) from 0.3 
to 0.6 and 0.9%, and the beryllium 
contents from 0.25 to 0.5 and 1.0%. 
It was hoped that the beryllium 
added might produce a secondary 
hardening both during tempering of 
the quenched steels and during 
nitriding, thus counteracting the 
softening caused by the destruction 
of martensite. But the nitriding was 
never done and no positive effects 
were observed on tempering. 

The only satisfaction derived 
from that work consisted in observ- 
ing the beautiful formations of 
martensite, even in the nickel steels 
with a nominal content of 0.55 Be, 
and some extremely interesting 
structures with 1.0% Be. However, 
none of the structures were inves- 
tigated as they should have been, 
and only one useful conclusion can 
be drawn: Beryllium is of no indus- 
trial value whatsover in carbon 
and low-alloy steels. Apparently 
the same is true for beryllium- 
bearing white irons. M. G. ¢ 
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There’s one outstanding reason for 

the greatly increased demand for 

Rolock Fabricated-Welded Alloy 

construction of heat treating equip- 

ment...and that is service-hour 

savings. Wrought alloy fabrication 

means thinner walls for lighter FOR THE SINTERING PROCESS 
weight and easier handling... and 

Rolock experience is assurance of 

skilled design. 


Here are two examples of highly 
successful designs...one a sinter- 
ing furnace muffle, built for C. I. 
Hayes, Inc. It operates at 2100°F., 
under controlled atmosphere. Feed 
lines introduce gases at critical 
zones as required. Work is handled 
on belt to submerged quench. In- 
conel was selected for its superior 
properties over conventional cast 
alloys. 


The special, closed-bottom Inconel 
retort is used for chromising pow- 
dered sintered metal products at 

750°F. Gasketed cover bolts in 
place ... provides feed and exhaust 
lines. Work is placed in baskets 
shown, and assembly is used with 
L. & N Homocarb furnace. 


Sketches show other types of 
Rolock equipment ...all job engi- 
necred for specific uses. Practical 
recommendations and catalog on 
request. 


Offices in: PHILADELPHIA * CLEVELAND * DETROIT 
INDIANAPOLIS * CHICAGO * ST.LOUIS * LOS ANGELES 


ROLOCK INC. + 1220 KINGS HIGHWAY, FAIRFIELD, CONN. 


for better work 
Easier Operation, Lower Cost 
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Harper Tube Furnace Model GT-20 HM-30 


HIGH TEMPERATURE 
Elechric 
TUBE FURNACES 


For General Research 
Temperatures to 3000° F 


Research laboratories have 
a need for a small high tem- 
perature atmosphere test fur- 
nace for research on new 
products and new methods. 
The above furnace provides 
economical equipment for the 
intermittent testing of small 
samples. Materials can be 
heated to maximum tempera- 
tures and cooled quickly, en- 
abling tests to be made during 
a working day with a saving in 
laboratory time. Power re- 
quirements are low and when 
working with special atmos- 
pheres gas lines can be turned 
off when firing is completed. 

Uses of this furnace include: 
Sintering, Brazing, Heat Treat- 
ing, Bright Annealing, Testing 
in Special Atmospheres, and 
General Research. 

The above furnace is avail- 
able in several sizes. Harper 
Engineers will be glad to work 
out special features to meet 
individual heat treating needs. 


Write for Bulletin No. 1148. 


HARPER 
ELECTRIC FURNACE 
CORPORATION 


1450 Buffalo Ave. Niagara Falis, N.Y. 


Representatives in principal cities. 











MOLTEN PIG IRON* 





cas INVESTIGATION was made 

in order to determine the veloc- 
ities in the cross section of a 
stream of molten pig iron, 

The principal experimental difli- 
culty was in devising a reliable ap- 
paratus for measuring the velocity 
of white-hot metal. A Pitot tube was 
known to be unsuitable as a result 
of freezing of the metal in the tube. 
Therefore a new device was de- 
signed and built, based on other 
principles for measuring velocities. 
The device had as its essential part 
a quartz tube through which air 
was caused to flow. When this tube 
was placed in the stream of metal 
parallel to the direction of flow and 
with the stream of air opposite in 
direction to the flow of metal, any 
change in the velocity of the flow 
of metal caused a change in the 
velocity of the stream of air. The 
velocity v of the stream of molten 
metal was calculated from the ex- 
perimental data, using the formula 


where g= acceleration due to grav- 
ity 
p=pressure of air in the 
supply cylinder 
y=specific gravity of the 
water in the differen- 
tial manometer 
specific gravity of the 
liquid metal 
difference of level in the 
differential manometer 
static pressure of liquid 
metal above the quartz 
tube at the discharge 
end 
rhe velocity was measured for 
iron being tapped from a blast fur- 
nace in the Kosogorski Works in 
the city of Tula. The iron contained 
3.43% Si, 1.03% Mn, and 0.012% S. 
The channel in which the molten 
pig iron flowed had a triangular 
cross section. Measurements made 
at various points of the stream of 
metal showed very nearly the form 
of velocity curve found for ordinary 
turbulent flow; the results did not 
show anything unexpected. That is, 
the mechanism of flow of molten 
metal is the same as the flow of 
normal liquids. 6 


*Abstracted from “Experimental 
Investigation of the Flow of Molten 
Metal in an Open Channel”, by E. Z. 
Rabinovich, Reports of the Academy 
of Sciences (U.S.S.R.), Vel. 54, No. 3, 
1946, p. 201-203. 
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‘MUST IT RUST?’ A three billion 
dollar question that is dramatically 
answered in our 16 mm sound mo- 
tion picture. This educational film 
is one that interests both consumer 
and producer and everyone who 
is concerned with the problems of 


rust and corrosion should see it. 


A print of this film 
will be gladly loaned — 


Regarding availability of this 25- 
minute sound film in 16 mm size, 
for showing to your personnel, or 
to any group in your community 
write, The Secretary, American 
Hot Dip Galvanizezs Association 
Inc., First National Bank Building 
Pittsburgh, Pa 


hot-dip 


GALVANIZING 











make possible faster, 
smoother shaves 


‘The MICROCAST Shaver Shaft is a vital part in 
the shaving mechanism of the Sunbeam Shavemaster. 
This device controls a special cutter which 

* speeds over and back in half circle oscillations with 
six times greater velocity than blades in other 
shavers do . . . consequently, the Shaver Shaft is 
subjected to extreme hard wear and shock. 





SHAVEMASTER 


MICROCASTING SAVES 3 PARTS 


The Shaver Shaft is cast of straight chrome steel 
eliminating expensive machining costs. Formerly this 
shaft consisted of three parts . . . another production 
case history in which Austenal MICROCASTINGS are 
serving manufacturers by saving them time and money 
and improving performance of their products. 


Precision Castings From High Metting Point Alloys That Require 
Little or No Machining— The MICROCAST process offers a 
flexibility in meeting design problems not possible in NEW CATALOG AVAILABLE 

the past without pyramiding costs. Small parts of Peet SS sapecianes neat “anita 
intricate shape can now be specified ina whole new wih Giiwecsetine,” vee agen 2. & le 
range of high melting point alloys which offer the most complete report ever published on the 
advantages of extreme resistance to heat, wear and subject of the MICROCAST process originated by 
corrosion. Austenal Laboratories, Inc. See ovr catalog in 
Sweet's File for Product Designers. 





The name “‘MICROCAST” is a registered 
trademark of the Austenal Laboratories, Inc. 


Mircro(asr iene DIVISION 


AUSTENAL LABORATORIES, INC. 
224 East 39th Street - New York 16, New York 
715 East 69th Place + Chicage 37, Iilineis 


January, 1949; Page 103 





DIVigeloll-WE 410-1111 -) Mmal-tehiliteme-t(-tul-valis 


used in every hoskins furnace 


One thing you get from Hoskins electric furnaces is good, dependable 
performance . . . thanks to durable CHROMEL heating elements. 


CHROMEL, you know, is the original nickel-chromium resistor wire .. . the 


TYPE FR-206, 207, 208 TYPE FR-251 
wire that first made electrical heating practical. As the most vital part of BOX FURNACE BOX FURNACE 


every Hoskins furnace, it’s your best assurance of satisfactory service. 


ae 
Next time you're in need of good electrical heating equipment, get the — Bes, 
facts on Hoskins’ line of CHROMEL-equipped furnaces . . . for heat f — 


if | *A\) 
treating operations as well as laboratory work. Complete technical t —s» 
information is contained in our Catalog-59 ... want a copy? SY 


TYPE OR-104 


TYPE FR POT FURNACE 
POT FURNACE 


HOS KIN S MANUFACTURING COMPANY 
Heating Element Alloys * Heat Resistant Alloys * Thermocouple Alloys 


* Spark Plug 
Electrode Wire * Special Alloys of Nickel 


* Electric Heat Treating and Laboratory Furnaces 
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$s Strip Steel has 
and rigidity that are 





Superior Stainless as 
clear-through br ° 
at time and Wan 
grades, finishes, dim 
lengths do you require? 














CARNEGIE, 


Superior Steel 


CORPORATION 





PENNSYLVANIA 








WE SURVEY...A B&G representative, 
in consultation with your engineers, ex- 
amines your plant layout and determines 
what results are desired in your heat 
treating department 


Quendhing... | su... 


in your plant, the B&G engineering staff 
designs a complete quench-oil system, 
tailored to your specific requirements. 


Expertly 


YOU RECEIVE... A complete recommen- 


dation as to size and type of equipment 


om 
needed is delivered to you promptly. The 
only remaining step is to install the 


equipment 








The quenching stage of your heat-treating process is the point where 
all previous operations are brought to either a successful or unsatis- 
factory conclusion. 

At this point is determined the fina/ quality of your product... the 
amount of time and material wasted by sub-standard rejects .. . and 
your ultimate operating cost! 

When you install a B & G Hydro-Flo Oil Quenching System you are 
assured of uniform quality because identical conditions are maintained 
through every moment of the quench period. Positive circulation and 
proper turbulence of the oil maintains the desired temperature in all 

B&G SERIES 1522 PUMP 
One unit of a complete line of centrif parts of the quench tank. 
ugal pumps—catalog on request Write today for descriptive literature on B&G Hydro-Flo Quench 
Oil Coolers. 


Hydre -F4G om Quencuin systems 


BELL & GOSSETT COMPANY 


eReg US Pat Off Dept. AV-16, Morton Grove, Ill. since 1916 


Heat-treating equipment 
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52100 TUBING 


HIGH CARBON CHROME STEEL — A 
DIRECT QUENCHING STEEL WHICH 
GIVES THROUGH-HARDNESS IN MOD- 
ERATE SECTIONS. 


Typical uses: 


aircraft parts 

slitter knives 

bearing races grinding machines 

collets precision instruments 
bump parts and plungers 


bushings 
spindles 


“NICKEL-MOLY” TUBING 


LOW CARBON NICKEL-MOLY STEEL— 
A CARBURIZING STEEL WHICH GIVES 
HIGH SURFACE HARDNESS WITH A 
TOUGH CORE. 


Typical uses: 
piston pins 
bearing races bushings 
farm equipment pump parts 
knitting machinery _ perforating guns 


sleeves 


These two TIMKEN wear-resistant tubes 
will do 90% of your hollow parts jobs! 


You can get the steel tubes you need for 90% of your 
hollow parts jobs right now. Timken 52100 and Tim- 
ken “Nickel-moly”—two general purpose steels with 
good hardenability and wear resistance—are available 
for immediate delivery in small quantities within 24 
hours after receipt of your order! Between them, they 
have the properties nine out of ten hollow parts jobs 
require. 

Timken 52100 can often be used in place of more 
expensive steels. It can be heat treated to file hardness 
and tempered back to any desired point. In moderate 
sections it is through-hardening. There are 101 sizes 


YEARS AHEAD -THROUGH EXPERIENCE AND RESEARCH 





of 52100 tubing, from 1” to 10%” O.D. 

Timken “Nickel-moly” has exceptional stamina and 
shock absorbing qualities. It is a low carbon, carburiz- 
ing steel that develops high case hardness and a tough 
inner core. ‘“Nickel-moly” comes in 48 sizes— 1.389” 
to 7.915” O.D. 

Used in place of bar stock, these «wo steels save both 
material and machining time. And they give you uni- 
formity from tube to tube and order to order. For stock 
The Timken Roller Bearing Company, 
Steel and Tube Division, Canton 6, Ohio. Cable ad- 
dress: “TIMROSCO”. 


TIMKEN 
STEEL 


lists, write 
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DESPATCH convection 
FURNACES 
for Speedy, rtccurate 


HEAT TREATING 


CARBURIZING COMPOUND 


Despatch offers 
For Minimum Shrinkage 


TEMPERING @ Largest engineering 
' ‘ ‘ staff in the industry . . 
Because Char Carburizing Compound is pre- f : DRAWING ea _—e fia 
shrunk in the manufacturing process, it shows ANNEALING Sie aabaneiaaias o 
a very low shrinkage in use. Shrinkage on | : ING A cilities 

working mixtures will not exceed 3 to 5% : : PREHEAT iiatitieniiieeen 
depending upon plant conditions. Where , AGING sammie ane ty Vs 
100% new compound is used, shrinkage is 


: S RELIEVING 
guaranteed to average less than 12'4%. This ‘ STRES + TREATING PROMPT 
low shrinkage permits packing more steel 5 sol. HEA AT DELIVERY 
per box— means more work per furnace : | PRECIPITATION HE 


of all standard models 
hour, and lower costs. 


: TREATING All types, sizes and fuels 
y BRAZING (Aluminum) 
CHAR PRODUCTS COMPANY 


RGICAL TESTS 
MERCHANTS BANK BLDG., INDIANAPOLIS 4, IND. METALLU 








—aRTy 7 —_ 


Write or Wire Tedey DESPATCH 
DESPATCH OVEN COMPANY OVEN COMPANY "mre" 
619-21 8th Street SE. Minneapolis 14, Minn 








These heavy duty valve units, weighing 250 
pounds each, are cast from PYRASTEEL Type 
347 . . . precision machined in our own shops and 
completely assembled ready to install. 

They are used for the purpose of handling 
highly corrosive acids, produced by one of the 
world’s largest corporations . . . and they do the 
trick. 


This is typical of the myriad uses of PYRA 
STEEL ... a special chrome-nickel alloy . . 
highly resistant to commercial acids and corrosive 


gases as well as to heat up to temperatures of 
2000° F. 


Write for PYRASTEEL Bulletin 


may not look like valves, but that is just what 


CHICAGO STEEL FOUNDRY CO 
they are... .and we have made a lot of them 37th Street at Kedzie Avenue 
in PYRASTEEL for acid-handling equipment Chicago 32, Ill 
ah 
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Norton [uses 
Cores, MuFFLes 


for Production: for the Laboratory 


WHEREVER high temperatures are desired in the metal industry 
to do jobs faster and better, there you will find an application 
for Norton Refractories. ALUNDUM Tubes and Cores for wire- 
resistance electric furnaces give high heat conductivity and elec 
trical resistance at high temperctures. CRYSTOLON muffles 


provide high heat transfer and low fuel costs for heat treating 





furnaces. For operations at even higher temperatures (up to 


4350° F.), many companies are specifying Norton PURE OXIDE 


Refractories. 





NORTON COMPANY « Worcester 6, Massachusetts 
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“ss Is A 46" blooming mill spindle weighing 


almost 22 tons in the “as forged” condition. It is 


24'-10" long and will weigh 18 tons when finished. It 


was press forged froma 5-4” ingot weighing 55 tons. 


Its highly stressed application in a blooming mill 
demands strength, stamina, and high fatigue resist- 
ance for long life and the utmost in service. Fink 
craftsmen build every specification into the job in 
each stage of its development... from research 


laboratory to finished product. 


We invite your inquiry the next time you are con- 
fronted with a heavy forging problem. Send your 
blueprints and specifications for prompt quotations. 

j 


MO-LYB-DIE PRODUCTS: DIE BLOCKS AND | PISTON RODS AND RAMS « SOW BLOCKS * CRANKSHAFTS 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVENUE © CHICAGO 14 
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A New SPARK-GAP UNIT and a New VACUUM-TUBE UNIT 


This is the completely redesigned unit shown for the first 
time at the Metal Show. Available in 71/2, 15 and 30-kw 
input ratings. All-steel frame, base and panels — with in- 
teriors of the latest fire-resisting materials. Operating 
controls arranged for greater convenience; appearance 
is strictly modern. 


All features that have made Lepel spark-gap units so 
popular for high-frequency heating in the past are re- 
tained. Same unit can be used for heating or melting 
without matching transformers or condensers. Delivers 
full rated output when treating non-ferrous as well as 
ferrous materials. Uses minimum power and water per 
kilowatt of output uses no power or water whatever 
when idling. 


HARDEN SOLDER BSRAZE 


This is a brand new unit. Designed by engineers who 
know metallurgical and shop requirements, it greatly 
broadens the field for tube-type equipment. It is suitable 
for heating non-ferrous as well as ferrous materials to 
any desired temperature. Rating: 20 kw output 

This new unit is extremely flexible: Will operate all 
commonly used types of load coils efficiently, with flex- 
ible or rigid leads up to eight feet long. Easily adjusted 
to any load; requires no matching transformers or con- 
densers; can be used for hardening, soldering, brazing 
or melting. All components, including the industrial-type 
heavy-duty tubes, are ultra-conservatively rated. Con- 
sumes only one gallon of water per minute when idling, 
less than five at full load. 


MELT 


LEPEL HIGH FREQUENCY LABORATORIES 


39 WEST 60th STREET, NEW YORK 23, N. Y. 
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CHACE BIMETAL ... 





CONTINENTAL 
SAFETY 
PILOT 


No. 23— A product of the 
Continental Instrument 


Company, Cleveland, Ohio 


The Continental Safety Pilot, product of Continental 
Instrument Company, is a typical use of thermostatic 
bimetal in which the flame acts directly on the 
thermal element. Unfailing response of this element 
is essential for safe burner operation. The pilot 
is the heart of a gas furnace control system— Chace 
Thermostatic Bimetal is the heart of the pilot! 


The “U" shaped bimetal element “A” remains as 
shown as long as heat is maintained by pilot flame 
at B. Should pressure drop, extinguishing or reduc- 
ing flame, bimetal cooling moves to position shown 
by dotted lines, snapping switch C to open contacts 
D. Control circuit breaks, allowing valve to close in 
gas line, cutting gas flow to burner. When pilot is 
relighted, reaction to heat will snap switch, closing 
circuit and permitting gas valve to open when room 
thermostat calls for heat. 


When designing actuating elements for tempera- 
ture responsive devices consult W. M. Chace Com- 
pany. Our engineering department stands ready 
to serve you. 


‘we. mM. CHACE co. 
Manufacturers of Thermostatic Bimetals 


1626 BEARD AVE. + DETROIT 9, MICH. 








MICRO HARDNESS 
>) TESTER 


DETERMINES 
GRAIN 
HARDNESS 


DATA CAN BE 
| TAKEN VISUALLY OR 
j PHOTOGRAPHICALLY 


For use with metaflurgical microscope equip- 
ment. The diamond indenter works in con- 
junction with a sensitive electronic relay; 
impressions are nearly perfect at 1000 X and 
usable to 2000. Complete information is 
available on request. 


AaAue son con 


$ 
annanson.mich. “Sous 
TELEPHONE 2-5634 











IMMEDIATE SHIPMENT! 


O[UMBIA 


ELECTROPLATING 
MOTOR GENERATOR SETS 
Complete with Controls and Starters 
1,000, 1,500, 3,000 or 5,000 Amperes 

6 VOLTS 

Offered Subject to Prior Sale 


Write or Wire for Quotation 


COLUMBIA ELECTRIC MFG. CO. 


4531 Hamilton Avenue . Cleveland 14, Ohio 
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New advances in spring design—stronger, 
longer-lasting springs at no extra cost—these 
are the twin advantages of HI-10 Phosphor 
Bronze Spring Wire. 


Newest product of Riverside research, HI-10 
is warranted to increase tensile strength at 
least 10,000 pounds per square inch over estab- 
lished standards. It also adds stability and 
prevents brittleness or any other detrimental 
effect from aging. Yet, in Grade “‘A”’ wire 
there’s no change in standard alloy specifica- 
tions. HI-10 improves your springs without 
forcing changes in equipment or processing 
methods—without increasing your  produc- 
tion costs. 


The special Riverside processing increases 
the tensile strength of Grade “E”’ (3°) tin 
Phosphor Bronze Wire, so that it now pos- 
sesses the same tensile values presently covered 
by standard specifications for Grade “‘A”’. 
This lowers your production costs without af- 
fecting the quality of your springs. And at the 
same time, strategic and allocation-controlled 
tin is conserved. 


RIVERSIDE MAKES A FULL RANGE OF STANDARD (AND 


HOSPHOR BRONZE SPRING WIRE 


® Increases Tensile Strength 10,000 
Pounds per Square Inch 


® Gives Greater Stability and Pre- 
vents Brittleness 


® improves Your Springs at NO extra cost 


= 
0 Grade “E” HI-10 Phosphor Bronze Wire is 
“) highly recommended for formed springs other 
H1-10 than coil springs. These spring forms are often 
very difficult to manufacture because of severe 
bending requirements. Grade “E” HI-10 
Phosphor Bronze Wire has excellent ductility 
and permits twisting and bending to degrees 
beyond those which can be endured by spring 
temper Grade “A” Phosphor Bronze Wire. 
Thus, if you have experienced trouble with 
the manufacture of such items, Grade “‘E”’ 
HI-10 Phosphor Bronze Wire could be the 
problem-solver. 


In both Grade “A” and Grade “E”’, HI-10 
Phosphor Bronze Spring Wire is supplied in 
sizes from .182” diameter down to .0159 

Riverside HI-10 is characterized by a some 
what darker, iridescent surface than ordinary 
phosphor bronze spring wire processed in the 
conventional way. 


We shall be glad to furnish trial orders at 
published base prices, with prevailing extras 
for quantity and size differentials. For full 
details of HI-10 write today. 


SOME SPECIAL) NICKEL SILVER AND PHOSPHOR BRONZE ALLOYS 


THE RIVERSIDE METAL COMPANY 


RIVERSIDE, NEW JERSEY 


R. J. LEAHY & COMPANY 


486 Eig t., San Francis Calif. 


NEW YORK, CHICAGO, HARTFORD, CLEVELAND PHOSPHOR BRONZE 


NICKEL SILVER 
BERYLLIUM COPPER 
CUPRO NICKEL 
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HAVING A METAL JOINING 
PROBLEM? Ask Us— 


Gu Aorenoraiere 
EUTECTIC 


WELORODS 


“Eutectic Low Tempera 
ture Weldrods” can 
solve it for you the 
modern wy by joining 
metals at low heat — 
avoiding distortion, 





stress, warping, over 
heating 

Write to 

sole manufacturer — 


EUTECTIC WELDING ALLOYS CORP. — DEPT. D 
40 Worth Street New York 13, N. Y. 


Chicago, Cincinnati, Cleveland, Dallas, Detroit, 
Los Angeles, San Francisco, etc. 


160 Field Engineers Everywhere to Help You 


America's Welding Alloy Specialists 


“eU2Zer HIGH SPEED Gos FURNACES 











Attain High Temperatures 


without BLOWER or POWER 
HIS COMPANY is recognized the - ++ just connect to gas supply 





world over for its leadership in the 
field of hardness testing. It started by 


developing, and followed during the past 27 FULL MUFFLE FURNACES 
: : . . teach temperatures of 2400° F. 
years by continuously improving, the im- without blower or power. my val 
? ‘ aie _ heat treating high speed and Alloy 
portant and famous “ROCKWELL” Hardness Steels. Also available in Bench 
> Models. 
Tester. Recently we have developed additional 
hardness testers and accessories successfully 
ATMOSPHERIC 
POT 
modern industry. Our research, production, HARDENING 
: . FURNACES 
standardizing and our factory and field engi- ... tangentially 
7 . fired to assure 
neering groups, through their skill and long even heat up to 
: . 1650° F. 
experience, backed by this company’s er on ae 
p : , > of Cyanide and 
sound financial ability, are now carrying into iced. Marden 
» f > > i ing.Also 
the future our great tradition of progress etepied tee 
and leadership in the field of hardness testing Melting Aluminum. 


meeting the expanding requirements of 


which we know so well. 


WI LS O N Agco Send for the complete ‘‘BUZZER" Catalog 
MECHANICAL INSTRUMENT CO., INC, 
AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC HARLES A. HONES, INC. 


230-F PARK AVENUE, NEW YORK 17,N.Y. Los ; 123 So. Grand Ave. Baldwin, L.I., N. Y. 
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Sei F Le i 


DIVIDENDS 


EMPLOYEE TRAINING 
Users’ employees may attend ovr braz- 
ing schools or we will help set up o 
training progrom in users’ plants. 


as originators and manufacturers of EASY- fillment of that responsibility we offer to every 
FLO and SIL-FOS we have always considered user the services outlined on this page. Any 
it part of our responsibility to help users get or all are available for the asking. Further in- 
maximum benefit of the extraordinary time, formation about them will be gladly supplied 
labor and cost-saving potentialities of these on request. For EASY-FLO and SIL-FOS 
low-temperature silver brazing alloys. In ful- details write for BULLETINS 12-A and 15. 


H AN D Y & HARMAN 


82 FULTON ST., NEW YORK 7, N. Y. 
Bridgeport, Conn + Chicago, Ill. + Los Angeles, Cal. + Providence, 8.1 + Toronto, Concde 
Agents in Principal Cities 
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FAIRBANKS-MORSE || en aon can soe it! 


CONTROLS QUALITY | —— ey 
IN THE PLANT WITH || im! —evno raviation 


LESTER-PHOENIX < i ' PYROMETER 











i Tells spot temperatures instantly 

‘ —in heat-treating furnaces, kilns, forg- 

ings and fire boxes. No thermocouples, lead 

Just wires or accessories needed! Temperature is 

sight it... indicated on direct-reading dial at a press of 

and press the the button. Any operator can use it. In two 

button | double-ranges for all plant and laboratory needs 
Write for FREE Catalog No. 100. 


PYRO OPTICAL PYROMETER 


Foundry temperatures at a glance! 
Determines temperatures of minute spots, fast 
moving objects or smallest streams—accurately, 
rapidly. No correction charts or accessories 
needed. Easy to operate—weighs only 3 Ibs. 
Special types available to show true spout and 
pourinz temperature of molten metal in open 
In 5 .emperature ranges. Write for FREE 
CATALOG No. 80 


THE PYROMETER 
INSTRUMENT COMPANY 


New Plant and Laboratory 
Bergenfield 8, N. J. 





BLOCK TORCHES 


FOR LOW PRESSURE 
GAS UP TO 1 LB. 


Quaiity control of all parts assembled into intricate 
working mechanisms is a must at Fairbanks-Morse in 
Beloit, Wisconsin. There, plant experts have found that 
the best means of such control is by die casting parts eee 

on Lester-Phoenix equipment in their own plant. Uni- Buse Sess 1-5 
form parts and steady, centralized production from 
Lester-Phoenix die casting machines insures a mini- 
mum of assembly problems—and results in maximum 
efficiency. Your die casting quality and supply prob- ® Nine sizes, 50,000 to 2,500,000 Btu per hour for 
lems can be solved by installing Lester-Phoenix equip- natural, manufactured, LP or mixed gases. 

ment in your own plont. Straight and elbow types in all sizes. Immediate 
delivery. 


LESTER-PHOENIX aoa: 
DIE CASTING MACHINES 


LESTER-PHOENIX, INC. BRYANT HEATER CO. - INDUSTRIAL DIVISION 
2619 Church Avenue @ Cleveland 13, Ohio 1020 LONDON RD. - CLEVELAND 10, OHIO 


© ONE OF THE DRESSER INDUSTRIES © 


For firing air heaters, bake ovens, dryers, brick 
and ceramickilns,and many other applications. 
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Performance results 
show tool life of Vasco Supreme 
exceeds that of tools made from ordinary 
High Speed Steels up to five times or more in 
the machining of plastics, brass, malleable and cast 
iron, cast and heat treated steels. These results are being 
obtained from all types of tools including turning and boring 

tools, milling cutters, hobs, broaches, drills, taps and reamers 

In addition to better tool life the properties of Vasco Supreme 
make possible increased speeds of 15 to 100% in many instances 

For cost cutting performance let us demonstrate the qualities 
of this new and revolutionary tool material! 


Vanadium-Alloys 


STEEL COMPANY 


“TOOL and DIE STEELS COLONIAL STEEL DIVISION + ANCHOR DRAWN STEEL CO. 
LATROBE, PENNSYLVANIA 














Columbia 
ppelte) & STEE i 


NEW TOOL STEEL 


SHOP CHART — 
New 1949 wall chart 
91” x 24" showing 


an 

es, properties 
Perdening —" 
s now rea ; 
This will be ‘sont if re 
quested on company 


letterhead. 

CARL-MAYER HIGH TEMPERATURE FUR- 
NACE, recirculating air heater type, for tem- 
. \ j peratures up to 1,200°F., as installed for 
vy Timken Roller Bearing Company. @ We also 
: ” build Conveyor and Batch Type Furnaces up 
kt to 2,000° F., for heat treating, normalizing, draw- 
ing, etc., using gas, oil and other fuels. @ Our 
many outstanding achievements make it well 
worth your while to consult Carl-Mayer Engi- 

neers on your next installation. 


COLUMEIA TOOL STEEL COMPANY 


ARA 





3030 Euclid Avenue, CLEVELAND, OHIO. 
SE eT ER 








With the Dietert Carbon The sulfur content of 4 


Determinator, you can get 
carbon content of metals 
to an accuracy of one-half 
point in two minutes. Other 
materials having up to 


metals and other ma- 
terials can be just as i 
accurately obtained 
by the Dietert Sulfur 
Determinator in three 


60% carbon are tested 
with comparable accuracy. 


The PRICE is 
$235.00 | 


minutes. 


The PRICE is 


i 
: 
$153.00 i 
| 
‘ 


The Dietert Varitemp 
Furnace used in the com- 
bustion of samples for 
carbon and sulfur deter- 
mination develops tem- 
peratures under close 
control up to 2750° F., 


The PRICE is 
$228.00 


r 
Peet UA To: 


_—E 


Zircotube combustion tubes have especially long | 
service life and even at temperatures of 2800 F. 

they do not crack, sag or become porous. They 
resist thermal shock and metal splatter. 


, ee SS 2 ee ee . ee ee ee a ae ee ee 


_ ied 
ee 


Dietert Combustion Boats likewise are H 
highly refractory, resist metal shock j 
and metal penetration. 


The PRICE is $49.00 a thousand } 


ir DIETERT 


9330 Rotelawn Aue. 
SAND . MOLD 7 MOISTURE 


202 





Company | 


Detroit 4, Michigan 


CARBON «+ 


Write to Department 9 
for complete specifications. 


CONTROL EQUIPMENT - SULFUR 
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vor JOINT TROUBLE™ 


IN ALUMINUM ASSEMBLIES 


SPECIFY ALCOA ALUMINUM FASTENERS 





WRITE FOR FREE SAMPLES 


There’s no need to run the risk of the galvanic corrosion 


; that can come when aluminum is fastened with dis- 
of the types that interest you. And 


similar metals. The complete line of Aleoa Aluminum 


| right on your drawings! 
| 


phone your nearest Alcoa sales office 


‘ Fasteners includes all the types required to meet any 
or Alcoa distributor for prompt serv- 


production assembly need. 
ice. ALUMINUM COMPANY OF AMERICA, 


2101 Gulf Building, Pittsburgh 19, Pa. 


( omplete ranges of sizes and head types. Slotted or 


Phillips head. Made to Aleoa quality standards, vet 





rheot expensive, 





“FASTENERS 
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BRIGHT FUTURE! 


It turned out to be a perfect match when The Apex Electrical Manvu- 
facturing Co. and Ferrotherm got together on the problem of 
joining the motor support ring to the end bell of their Apex cylinder 
type home cleaner! 
Yes, brazing provides the perfect union strong and vibration 
resistant! What's more! .. . they come out of the brazing furnace 
hundreds per hour! . . . clean, bright and ready for immediate 
chrome plating! Results?—Hours and dollars saved! 
<i WHY NOT MAKE BRAZING BY FERROTHERM PART 
cw OF YOUR PRODUCTION LINE? Our technical services 
Positive, accurate — C 
y —_— WRITE OR PHONE TODAY FOR FULL PARTICULARS 
2 gs . f , : 
indication o ; SEND FOR THIS 


° . : . ; FOLDER — LEARN FERROTHERM COMPANY 
relative reducing HOW BRAZING 1861 E. 65th St. * CLEVELAND 3, OHIO * Phone: EN. 3421 
value of 


CAN HELP YOU 4911 Butler St.* PITTSBURGH PA +Phone Schentey 3206 
formece Ferrotherm 


atmospheres! 
» “Magic with Metals” 


HEAT TREATING ° FURNACE BRAZING 


and production facilities are at your disposal 














Sensitive—rugged—dependable—new. An instru- 
ment built on a principle never before used for this 
purpose — will interest every manufacturer whose 
processes and product depend upon the character- 
istics of the atmosphere within a furnace. 

The Engelhard Controlled Atmosphere Indicator 
detects any change in prepared atmosphere—before 
costly work in the furnace can be ruined. It gives 
positive indications of relative oxidizing or reducing 
values of furnace atmosphere—without ambiguity. 

Two Sensitrons—specially designed vacuum-jack- 
eted sensing cells—constantly test the furnace gases 
and register on a graduated scale, enabling the oper- 
ator to promptly correct the air ratio. 

Furnace operation is facilitated, for once the de- 
sired atmosphere has been determined, the operator 
merely adjusts his controls to the reading shown on ' 
the indicator or strip chart. pimnnsnaligeinabmadganenhanaead 

The new Engelhard Controlled ennai, ene 
Atmosphere nh ere may te sup- IMPROVES wheel life and surface wai 
plied with or without a recording : fi SEED SEED canine Sp See Ciena 
chart. For detailed information | . FULL VISIBILITY for uninterrupted grinding 


write for Engelhard Bulletin 100. Exclusive with DoALL Surface Grinders 


CHARLES ENGELHARD, INC. =| a 


* Machine Tools * Gage Block 
' 


850 PASSAIC AVE., EAST NEWARK, N. J. wet a B Des Plaines, Illinois 
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TO REACH THE HEIGHTS ( } 





na of the dice 
new type petroleum-bese 


at 
a before drawing 
(d) A preliminary cold rolling operation 


The anewer is found in A.S.M. Review of 
Current Metal Literature, Item No. —. 


Graphitic nitralloy possesses the properties of 
ni « ralloy, but also has the following 
added features 

(a) Machinability 

(b) Weldat 

(ce) Dueti 

(d) Corrosion ree nee 


The anewer is fou in A.S.M. Review of 
Current Metal Literature, Item No. 


. Molten salt bath descaling involves the follow 


... in the metal industry, just as in any 
other business or profession, 


YOU uust 


How up to date 


ARE YOU? 





I'ry yourself out on these ten questions. They are all based on 
current metallurgical developments mentioned in the January 
issue of Metals Review Just follow these three steps: 

1. Read each question and mark the answer you believe 


to be correct. 


ing principle 


(a) °* ion of the surface scale in the 


salt 
(b) A chemical change in the face ecale 
rendering it readily removable ir 


al clea action in which 
t replaces the scale and is 
then readily washed o 
(d) An electrolytic action 


The aneawer is found in A.S.M. Review of 
Current Metal Literature, Item Neo. - 


Factors cor uti to weldability of alloy 
steel plate 
(a) High hydrogen type flux 
(b) High welding speed and heavy deposite 
position containing ferrite- 
ng elements in preference to 
e-form 


The answer is fo i] A.S.M. Review of 
Current Metal Literature, Item No 


um heat transmission in strip-col! 
og, the most important factor is: 
m through the film 


Jiat 
(c) Metallic contact 


The answer is found in A.S.M. Review of 
Current Metal Literature, Item No. - 


A simple form of accelerated atmospheri« 
corrosion test utilizes: 
iv id atmosphere contain 
ing SO 
(b) A hot, dry atmosphere containing His 
ic) A room-temperature atmosphere 
saturated with nitric acid vapor 


The anewer is found in A.S.M. Review of 
Current Metal Literature, Item No. - 


Porous alloys of bigh permeability and strength 
have been developed for “sweat cooling” of jet 
engine ponents. The method involves 
(a) Ac nation of thermosetting resins 
an etal powder 
(b) Mixing the powder with ammonium 
carbonate, which gasifies « 
ing 
(c) Hot pressing using « plastic to impros« 
flowability 


The answer is found in the news and featur« 
wee , January Metals Review, page - 


. The cause of toughness in quenched steel 


Then check the clues given below each question and 
indicate where the answer can be found in the January 
issue of Metals Review. 


Then fill in your name, title and company connection, 


tear out and mail, That's all. 


The names of all who submit ten correct answers by Feb. 15 


will be published in the March issue. Get your name on Metals 


Review's Honor Roll of the Well Informed. 


NAME 


ComMPANyY 5 , ASM Cuapter 


Mail to Metals Review 7301 Euclid Avenue 
CLEVELAND 3, OHIO 
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when tempered at 400° F. or below, and alo 
the cause of brittleness when the same steel> 
are tempered at 500° F. and above, is: 

(a) Ret ed austenite 

(b) 1 of carbides 

(ce) He g at temperature for one hour 

or less 
(d) Graphitization 


The answer is found in the news and feature 
section, January Metals Review, pege 


Metal-ceramic mixtures are being promoted 
for jet engine « ments because of their 
resistance to high m perature combined with 

(a) Improved workability 

(b) Fatigue strength 

(c) Resistance to thermal shock 

(d) Creep resistance 


The anewer is found in the news and fea 
section, January Metals Review, page 


. The Western Metal Congress will be held in 


(a) San Francisco in March 
(b) Los Angeles in April 

(c) Seattle M 

(d) Portla 


The i in the mews and feature 
ary Metale Review, page 
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| ALUMINUM OR MAGNESIUM 


HEAT TREATING FURNACE 


@ The uppermost picture shows an EF continuous chain 
slat conveyor type furnace for heating aluminum billets for 
forging. The center view shows an EF 400 KW four chamber 
car type batch furnace for homogenizing magnesium cakes. 
The lower view shows an EF 600 KW continuous recircu- 
lating pit type furnace in which propeller blades suspended 
from a car are heated and quenched. 

Our wide experience in the furnace heating of aluminum 
and magnesium can save you time and money. We build 
continuous and batch type furnaces,—electric, radiant tube 
gas-fired and direct gas-fired types whichever is best suited 
for your particular requirement—furnished complete with 
all necessary charging, discharging, quenching, special 
atmosphere and special handling facilities. For a maximum 
of long, efficient, trouble-free service, let EF engineers work 
with you on your next heat treating job! 


THE ELECTRIC 


GAS FIRED, OIL FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 


FURNACE CoO. 


WILSON ST. AT PENNA. B® 
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SESIGNERS find powdurgy offers unlim an ever-widening circle of manufacturers. 


} ited opportunities for low cost produc 
tion of precision parts. Operating time is re- 
duced to the vanishing point. Impressive 
savings are made on material. High labor 


Now it is a rare day when we don’t guide 
some manufacturer in his choice of presses 
for powder metal production, or counsel 
him to avoid it in his current circumstances. 


costs for casting and machining are elim- 


inated. And capital investment for pow- It may pay you to investigate powder 


durgy equipment need not be burdensome. metallurgy. Although we do no fabricating 


Powdurgy makes some things (like sin- 
tered carbides and porous bearings) which 
can be made no other way . . . does some 


things (like bonding 


of powder metal parts, we shall be pleased 
to advise on the suitability of this process 
for your needs. Send your blueprints or 


sample parts to 
metals and non- 


metals) which can be done no other way F. J. Stokes Machine Company, 


. and daily performs its economies for 6006 Tabor Road, Phila. 20, Pa. 


Stokes makes Vacuum and Special Processing equipment, High Vacuum Pumps 
and Gages, Pharmaceutical equipment, Industrial Tabletting and Powder 
Metal Presses, Plastics Molding Presses, Water Stills and Special Machinery. 


*Stokes’ word for the theory and practice of making finished solid products from granular materials, 


Illustrated 
are typical 
parts made 
of powder 
metal. 


This ball race was orig- 
inally a 2-piece assembly 
now made in one 


piece from powde r metal 
at a saving of 80°. 


This powder metal gear 
replaces machined forged 


part at a saving of 25°. 


Stokes does not fabricate 
powder metal parts, but 
will advise on the suita- 
bility of the process for 
your needs. Send your 
blueprints or samples 


This contact lug in pow- 
der metal replaces swaged 
and coined part from bar 
stock at saving of 60¢¢. 


This link, formerly stamp- 

3 ed and coined, is now pro- 
duced from metal powder 
at a saving of 50°. 





